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t'ermi antecedent, confequent, and ratio, are explain-* 
td : here we have Ihewn that the equality of ra- 
tios i3 the cffcntial property of proportioii, and that 
when four numbers are in a geometrical proportion, 
the product of the extremes is equal to chat of the 
nieans : hence, the reafon of the common operations , 
in the rule ot three, by mtiltiplicationand divifipri,j 
becomes obvious. But when the numbers confift of j 
more than three or four places of figures, thofe ope- 
rations will be tedious j to remedy which, we have, 
in the third fedlion, taught how they may be perform- 
«d very expeduioudy by the logarithms, and iUuf- 
irated lb much of the nature of thefe numbers, as is 
ncceflary for undcrftanding the principles upon 
which they are calculated ; And, in the fourth fe£ti- 
on* we h^ve given the conftruftion of Guntcr'i lines^ I 
with their ufe in the fojuiion of qiieftions, in multi- i 
plication, divifion, and the nde of three. 

The elements of geometry are the fubje^l of tlie . 
fjscond clwpter in fqur feftions : the firil: contair^a. 
the definitions', the fecond the theoretical part qf] 
geometry! and principally, that alAo* all theangtes of ' 
any plain triangle make 1 80 degrees, yet the chords, 
or any other lines which meafure chole degrees, are i 
greater or lefs in diflerent circles, in proportion to. j 
the radius of each 1 and that in finiilar triangles, the 
!pdcs about the equal angles are proportionals : Si^' 1 
that if in two fimilar triangles all the fides and ar^- ' 
gles of one of them be knowp, and either one fide 
and the angles, or two fides and one angle of any 0- 
ther triangle be alfo known, the unknown pares of 
this other triangle may be found by the ryle of 
tliree, which comprehends the whole doflrine of 
trigonometry. The third fcftion cumprifes the 
practical part of geometry, paj^ticularly, the con- 
ftruftion and uk^ of the hne of chords. The fourth 
feilion treats of finci, tangents, and fccant s, 

dii. 
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jnuEV fifid-fbifnc rtietliod of defcriblng the cifclcs of 
the fphere in piano : (his is caHed the jirojoSion of 

pthe fphcTc, wHich.wc Iwvfi exhibited in the ftcofld 

fiitAiorii wbcieby the iatltuUes- and longitudes of 
.places dre dttei-mi^Kcl by plain riglit-angjed Vtt- 
-angks. 

As all the meridians inrerfe<5t one another in the 
poles upon the globe, they will meet in om; point, 
■ when prnjefted on' any plafic, as in land-maps ; and 
of confcquem-f, any ftrait liiie will crofs them all, at 
.vitiequal angles : but as the path a iliip delcribes on 
the fea, by the direction eaf the compafs, makes e- 
qual angles with all the meridians, there mtift be 
fome expedient found to reprelent Ehem tfy pa- 
rallel lines. 

Wc have tliereforc* in the fifth Chapter* fhewn 
.how to eonftruft the fea-^eharts, in iive fedtions. 
Jn the firft, the eonitrudion and ufe of tlie plain 
.chart 15 explained, wherein tlie meridians being re- 
priifcnted by parallel lines, the rhumbs, wWch afe 
cxpreflcd by ftrait lines. Will crofs the meridians at 
equal anglea, and confcqucncl-y, the diftance, diffe- 
rence of latitude, and depafture, always conftitute a 
right-angled triangle on this chari j but it is evi- 
dent, tliis fnxift be very erroneous : for, on this pro- 
je(5lion, a decree in any parallel of latitude is equal 
to one on the equator. In the fecoild fedion arc 
^monftratcd tlic principles of /Wfrcrt/or's chart, and 
Ihewn, the method of calculating Mr //^rr^i/'s table 
of meridional parts, and conftrutftis^ the chant by 
'them. The ihifd fcdion contains the coiift/inftiort 
of all the various cafes of plain and Mercalnr'i 
failing, upon Msr^^otor's chart. The fourth iliews 
the manner oi calculating the table of diftercnce of 
tatitiide aind departure, and of working by it » 
day's work from the Jog -, this being what is aimed 

^.tA by tin; whole art of navigationyali the preceding 
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Jjarts being only preparatory hefeunto. Aiid the 
Sith treats of paralle} and middle latitude failing. 

Tho' the nature and reafon of the fevft-al parti- 
culars taken notice of in this introdiidtion, are fully 
handled, and clearly ilemonftrated, in the following 
■Jhcets, yet, as the methods ufcd tor obtaining the 
neceflary Jala are very uncertain, thecompafs Jtfelf, 
by -which the courte is direi^ed, being fubjeft co 
variation, it is no wonder if the mariner oiten falls 
into very great errors, efpecially with regard to the 
longitude v and indeed if the latitude could not be 
obtained by obfcrvation, navigation would become 
very precarious. 

In the 6thChapttr wehaVc therefore (hewn how 
to find the latitude and variation of the compafs, by 
ctEleftial obftrvatiort, all performed by right an^ed 
triangles, both geometrically and by calculation, with 
fomc remarks on the ufual manner of obferving by 
Davis'szn^ Hadiefi quadrant, and how to ailow lor 
the height of the eye above the horizon. 

I would not be undcrflood, by what I have here 
pubhihed, to difapprove of the metliod ufed by 
thofe who teach navigation on iliore i I only thlnfe. 
k ■will noti^be fo convenitnt for thofc who are to 
be inftrufted at fea, becaufe their duty on deck, in 
learning to work a fhip, and clear her for action, bc- 
fides the many interruptions they meet with from bad 
weathcr» takes up fo much of tbcit time, that they 
e-aftnot hn-^c leifure for writing a couffe of niviga- 
lioHi whereas, when they have the rules printed, chey 
need only work all the examples, according to the 
diredlions in the book, and write fuch remarks as 
fhali be necelTary for the perfcft underHiinding of 
iuch parts as may lecm to them obfcure ; and it die 
examples in the book are roc liifficicnt for that 
L.|>uri)ofei as many more may be added, aalball <m- 
I tble 
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abld tlicm to give the (olutions without 
in the perufal of which, thf 
be obfcftrcd. 

As praifitical geometry confifts chiefly in 
and letting tali pcrpendicwlars, after being well ac- 
quainted with the method of performing this, they 
may next learn how to divide the circumference w 
a circle into degrees, and thereby make and mea- 
fiire angles -, afterwards they may proceed to con- 
ibu£t the Une of chords, which they will eafrly dif- 
covcr performs the office of the divided circle : 
and the examples they liavc in raifing and letting 
fall perpendiculars, making and meafnring angles^ 
are I'uch as will naturiUy lead them to conftruft all 
the cafes of right-angled triangles. They come 
next to the conftruftion of fines, tangents, and fe- 
canK ; they have here likcwife examples, wherein 
the k-ngth of the radius, and quantity uf the arch» 
are given, thereby to find the length of the fine, tan- 
gent, and fecant, in performing which they again 
coaftrutn: all the, c:ifes of right-angled mingles : fa 
when dity come in the next place to what is pro- 
perly called Trigonometry, they will perceive, it is 
only giving lines a ditfcrent name, anckthc proccfs 
will in all the cafes be the fame as bclorc. 

The next thing they come to is, the fohicion of 
all die precetljng examples by calculation : in order 
to which, after they can clearly prove, that the 
fines, tangents, and fecants of the degrees of difft- 
rrnc circles are in proportion to the radius of each, 
they arc then to dcfcribc a circle, whole radius may 
be loo or jooo equal parts, and conftruft fines, 
tangents, and fecants, to every five degrees in the 
quiulrant, each of which is to be meafured by the 
fame fcale, and their lengths fee down in a table, re- 
giikrly rultd tor tiiat purpofe; afterwards they arf 
to i^-ork all the cafes in trigonometry, by multipli- 

caiion 
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qgiion and divifion, and likewifeby t'he l<^;dHtbras ; 
and as the artiBcial fines, (^c. are only the ioga- 
rithms of the natural, they will eafily perceive, thac 
there is no occalion at a.\[ for the natural fines, in 
computing right-angled triangles. 

In the projcdion of the fphere I have a globe 
properly difleded, which renders the demonftra- 
tiops jqtelligible co ordinary capacities -, and 
whefl tJjey have thereby gained a cleat idea of the 
method of laying down places, by their latitudes 
and longitudes, both on the plane of the meridian 
iuid of the equator, they will eafily underfUnd die 
method and neceflity of enlarging the degrees of th^' 
pieridian, on Mercatar'^ chart, which they are to 
conftruft from the parallel of 50 to that of 6 1 dc^f 
grees of latitude, having previoufly calculated diir 
niiles in each degree of the meridian, by Mr 
f^rigbt's method, both by the co-fines and by the 
^ants i and when the chart is conftru(5tcd, they 
projeft upon it all the cafes of plain and Mereater^s, 
and the fubftance of parallel and traverfe failing. 

The table of difference of latitude and departure \% 
what they are next to underftand, and therefore 
they are to make one page of if, from the arufi" 
cial ^d natural fines : they are then to worl^ all the 
preceding examples by this table, and are to corn- 
fare the refults with the projcdions, and likewifs 
■with the operations, by Gu/tter^s lines ; after which 
they are to work the fevcral days works from the 
Ipg every day, and from thence transfer them to the 
journal i and. when they are capable of taking the 
fiin's meridian altitude, they arc then inftrufted 
thereby to find the latitude, and Ukcwife the varia- 
tion of the compafs, both by amplitudes and azi- 
muths, which they will perceive is done by pro- 
je^ng the fphere on the plane of th» meridian. 

M 



( ff ) 

As this fmall treatirc is printed from a manufcript' 
I complied for tJie ufe of fomc young gentlemen of 
iliftindtion in the roy;il navy, whom 1 had the honour 
to iiiftrin5tin the theory of navigation, and, I hope, 
not without the defired fuccefs ; 1 have been forced to 
depart from the common methods, for the reafons 
already advanced, far from imagining* that all the 
;tiithors who jiave wrote before me on this fubjcft 
lave miftakcn their courfe : for we find, atnongft 
them, many remarkably IkiUcd in all the branches 
of die mathematics, and from whofe writings I 
have coUe<fled the fubftance of this work. But I 
flatter myfclf, thcfe Rudiments may be of fomc 
ftrvicc to thofe who have not abilities, or time to pe- 
Tufe thofe copious and prolix trcatifes ; and that, 
Vhen thoroughly uftdcrftoody they may, by their 
own reading, acquire the whole art of naTigadon 
in its iitmofl: extent. How far I may have an- 
fwered this piirpofc, 1 leave to the candid determi- 
nation of the pubhc. 



Explication- of the Signs. 

, riiis, or more, — Minus, or lefs, x Multi- 
plied by, -r Divided by, = Kqual to, : The figR 
pf continued proportion, :: T^e fign of difcontinu- 
pd proportion. i 

34+8- — iox6-r4=5^ * thatiSjto 24add 8, and 
fubtraft lo from the fum ^ then multiply the remain- 
jJer by 6, and divide the produft by 4 ; the quotien? 
will be equal to 33. 
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• Of f6e Principles cf AsuTHMRTic. 

ARITHMETICK and Geometrv 
may* be confidered as the foundation df 
the'fevei^ branche^of the Mathemiiti4|| . 
it is by them the theoretical partjs de* 
monftrated, the pfa^cal part reduced tp or^a; and 
all the various folutions to the moit intric^ cafes 
dbtainedi ' ' ■ * .V 

' As we are npw going to treat of Navigation, 
which is,' pei^aps, one ot the moft ufcfuE. branches 
of the mathematics, it may be expefted that we 
fliovild explain ^fe principlee of the two forementi- 
^ined fciences ; but as we prefume thofe who inten4 
Cb learn navigation,' aife previCniHy acquainted with 
xhe futidamental ruteeof arithmetic, we ihall pafs o- 
*er addition and fubtraSion, and only make fucl^ 
Remarks on multiplication and divifion as fhall be 
^eceflary to givfi oUr readers a diHioft idw of th^ 
^^oftrincof proportion. ' . r , . ■■ ■ .i 

SECTION I- 

JRe MARKS 'on Mu!ti"pn,ca£;on ii»/ Divifioq. 

^«. J.] in muUiplication there' are three terms, 
that is, two factors &nd a produift ■, one of the fac- 
ia;:^ is f^led the multiplicand, and the v^her th? 
r. , ' * — .^ ■ • - ■ ■' 4 .' jnyiti. 



^ Riinarks en MuUipfkation ^^^^ 

multiplier; thcfe two being known, the third, of., 
the producl, is found by adding tiie multiplicand EajH 
itfelt, or repeating it as many limes as there arc u- 
nits in die muicipiier. 

Rem. II.] In divifion, there are likewife three 
terms ; the djvifor, dividend, and qnotienr. The 
firft two being known, it is the bufmefs of this rule 
to find how many cinies, or parts of a time, the di- 
vifor is contained in the dii^dendi dacanfwerta 
which is the quotient. 

Rem. IJL] The greater the multiplier is, the 
greater is the produdl \ and the greater the divifor, 
the lefs the quotient : So if the multiplier or divi- 
for be I or an unit, the product will be equal to the 
muJriplicand ; and the quotient equal to the divi- 
dend j but if the multiplier be a fraftion, tlie product 
will be lefs than the multiplicand, and if the divifor' 
be a fraftion, the quotient will be greater than the di- 
vidend. 

Rem. IV.] Multiplication is the reverfe ol divili- 
on, atid the contrary i for if any produft be made 
a dividendj and one of the faftors & divifor, the o- 
ther factor will become tlie quotient, and if any quo- 
tient be multiplied by die divifor, the dividend will 
become the produft. 

Ir is not our intent here to treat profefledJy of 
frai-lions, we fhsU only obffrve th.it a fraftion is a 
part of any thing ; thus if two loaves were to be 
equally divided amongft three people, it is plain this 
could not be done without cutting each loaf imo 
three equal pares, and dieiteach perlbn would have 
two thirds of a loif exprefled thus 4» tl^^l- hclow. 
the hne is called the denominator, exprcffing the 
number of parts the thing is divided into i and thaE 
above it is called the numerator, fignifying the num- 
ber of thefe parts chat arc cxprefied by the fra<t"lion. 
Rm. v.] When the muldplifr is a fraAion, and 

the 



\Tie multiplicand muiciplied by the numerator, ttien 
if the product be divided by the denominator, the 
-quotient will be the required produft : Thus, 

32 3« 32 32, 32 3* 32 ") 32 

-i_*:_i_!.J:^_i[_l 

, 256 128 64. 32 16 8 2434)96(24 
In every one of ivhich the multiplicands ^re the 
fame ; and the multipliers, in the firft fix, are each 
one half of the next before it, and therefore, by the 
.preceding remarks the products will be each the half 
-'of the next preceding. Now when the multiplier 
•is 1, the produil is 32, therefore when the multipli- 
er is T or 4-, 32 mui?; be dividefl by 2 pr 4, but 
in the laft cafe the multipher \% treble the preceding 
one, and of confequence the prodpft muft be treWe 
^the prepedirig produ^ as by the operation. ^ 

As we fligll have occafion, in the following Sec- 
tions, to refcr'to thefe Remarks, we fhalJ (lere fub- 
join feme Examples, to illuflrate what ha£ been 
faid on thajt head- 

Examples. How many minutes in 2.9 degrees, 
fuppofing 60 to a degree? 

I0 



Anfwer 1 740 

Ex. 1. A {hip 9 miles diftarit from the Lizard, 
fails 5 days on one courfe at the rate of 5 miles 

r. in an hour, and then meets another 

Uays 5 ^ ^j. 1"^^ .^^ wants to know her 
Hours j^ diftance from the Lizard. It is ad- 
Hours 120 mitted fhe had been failing 120 

Miles ,5 hours, which multiplied by 5, makes 

■ 600, and with the 9 fhe was diftant 

Miles 600 frQiy, the Lizard when the account 

began, makes 609 miles. 

fix- 
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. Ex. ^. A tKip at fea in a calm trks che curr^Rfy 
^ivhich runs at tlie rate of 2 miles and -[- in an hour, 
how many miles haslhc drove in 24hour3 ? Anfwer 
6o\ for24K4=i2.artd24X2=48 and48 -(-12=60. 

Ex, 4.. In 678 miles, how many degrees? An- 
fwer 11' i8'j 6,o;67,8Cji° iS' 

Ex. 5. Suppofe a (hip has been drove 36 miles 
by a current running at the rate of -^ a nille per 
hour» ho\V many hours haS iTic been driving ? Here 
it is plain the dlvilor being a ffaftion, the quorierit 
will be greater than Che dividend, To the anlwcr is 
72 s -T)3^t7'^i ^o"* 7^ halves make 36- 

Ex. 6, Let 10000 be a multiplier, the multipli- 
cand unlcnown, but the prodiid Is 617.-8H0 requi- 
red the miiltipUcafid? Here, by reniai'k the jd, 
6i;,oSSois the multiplicarid, for unit neither mul- 
tiplies nor divides. 

' Ex. y. -Let <j6o be a rtiulciplicand, the multiplier 
Unknown, but We know chat if roooo were multi- 
)plied by 617, it would gi^'e a produft equal to 96a 
multiplied by the unknown number, which is the, 
tnulCipltcr nOw reqiiircd, Anfwer642 7-/ff. 

for6i7 X ioooo-r96o=iC4i7.0b^3. 
, Rsm, 6.] When fevbral numbers are to be multi- 
plied or divided by orie another, it is indifferent id 
what order the operations are performed, for if 12 
be multiplied by 5, thatproduift divided by 4, and 
this quotient multiplied by 6, and tins laft produil 
divided by 3, wc (hall find this laft quotient to b'e 
30 by different operations, for 4 and 3 are divi- 
furs, and 5 and 6 multipliers in both operations. 
12 4^12(3 
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;.. s E c T I o N n. 

' The whole body of mathematics is chiefly cou- 
fcerncd' in comparing quantities with one another; 
fcheir mutual relation is called profJortion. All quan- 
tities may be reprefented either by numbfert <* by 
Jines, the operations in the firft are performed by a- 
J-ithmetic, and in the latter by geometry. We Shs^ 
here confider prdportion in relpe^t of numbers ; ia 
ireadrig of which vire Ihall ufe the following figns ; 
== equal to; x multiplied by, 4- divided by, -j- mote 
or added to', — lefs or fubftrafted from : So 
12x5-7-4x6-^3=30 fignifies 12 multiplied by 5, 
divided by 4, multiplied by 6, divided by 3, is c- 
igual to 30 i and 6+8 — 5=^9» fignifies 6 morc,S 
leCSt 5 equartb 9. See the end of the intrcduifion. 
. Mathematitiahs J explain geometricil proportion 
"by the terms aht^edtiiti confequent and ratio , 
"Wheh two things of the fame kind are compared^ 
the firft is called the antecedent, the fecond the con- 
fequent, apd when the fecond is divided by the firfl; 
the quotient is called the ratio : As fuppofing the 
things compared were miles -, 2 the antecedent, and 
;i6 the cortfequentj then will 3 be the ratio ; but if 6 
be the antecedent and 2 the co.Tfequent, then 4 will 
be the ratio. I'here can be no comparifon or ratio 
' between things of different kindsj as betwixt miles 
and hours, for 6 hours cannot be divided, by 2 
miles. 

^- Inference. Ifanytwoof the three terms antece- 
dent, confequent, and ratio, be known, the third 
may be fouhd by multiplication or divifion ; if the 
two firft be given, as 2 the antecedenr, \nd 6 the 
confequent ; or 6 the antecedcrit and 2 the confe- 
quent J the ratio is found by dividing the confe- 
"xjuent by the antecedent*, fo 6—2=3 ^^ ratio; 
>and 2-r-6=4- ^be ratio :. If the antecedent and ratio 
Ije given, as 2 the antecedent and 3 the ratio % x 31=6 

Si 
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is the confequent, or if 6 be the aDtecedentand | the 
ratio, then 6 x 4^=2 will be the confequent, by the 
i^th rcmailc in the preceding feftion. If the confe- 
fijuent and ratio be given, and the confequent divi- 
i^ed by the ratio, the quotient will be the antece- 
dent. Let the terms be as before: Then 6-^-3=2 the 
antecedent, and 2 -^T" 6 the antecedent. Whenthree 
numbers are compared, if the ratio of the firft to 
rthe fecond, be equal to that of the fecond to the 
third ; as 2 : 6 : 18, they are faid to be in a conti- 
nued geometric proportion, and the terms fcparated 
by two points as above* 2 is to 6, as 6 is to 18, ior 
the ratio of 2 to 6 is 3 equal to that of 6 to tS : 
and I S : 6 : 2, are Jikewlfe in a continued proporti- 
on, the ratio being 4- » fo iS is to 6, VvL 6 is to 2. 

When four numbers are compared, and the ratio 
of the firft to the fecond equal to that of the third 
to the fourth, but unequal to rliat of the fecond to the 
third ; aS 2 : 6 : : 5 : 1 5 or 2 1 : 7 ; : 1 8 ; 6, they are 
in a diftontinued proportion i the ratio of 2 to 6, 
DT of 5 to 15, is 3, but that is not the ratio of 6 to 
5, therefore the fecond and third terms are feparatcd 
by fourpoints asabove, that is to dy 2 is to 6, as 5 
is to I ^ ; and 2 1 is to 7, as 1 8 is to 6 -, in this latt 
the ratio is 4 ' 

It is about four numbers in a difcontinued pro- 
portion that the Rule of Three is chiefty concerned, 
tor if the firll: three be known, this rule directs how 
to find the fourth^ tlie principles of which may be 
deduced from the following Theorem. 
THEOREM. 
When four numbers are proportionals, the pro- 
diift of the extremes is equal to that of the means, 
and when three numbers are in a continued propor- 
tion^ the produft of the extremes is equal to the 
fquare of the middle term, that is the middle term 
niiiltipUcd by itfclf. 

Nolfy 
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Nttte^ When the numbers are properly placed they 
are all called cerms ; the firft and fourth, are ex- 
tremes, fccond and third, the means. 

In order to prove the theorem, let a be the firft, 
and e the third term, r the ratio ; then the terms may' 
be exprefled thus, d, i ft term : tf x r, 2d term ; : ^, 3d 
term : * x r, 4th term. It is obvious, by rem. 6, 
fe£l. I, that a, ift term, x(xr 4th tcrm=:dxr zd 
term x * 3d term. 

Now as any numbers may be applied to thefe Jet- 
tert, this theorem will be unirerially true, for let; 
<i=4 J rz=5 i f =6 then the terms will be 4 : 4x5: 1 
6: 6x5^ that 184:20:: 6: jo; but4X5,x6=5 
4,x6x 5, that is 4X30==i2o and 20x6=120. 

When three terms are in a geometric proportion* 
the middle term may be taken twice, as 216: i§ 
may be exprefled 2:6:16:18 andthen2xi8=36; 
and 6x6=^36. 

Having thus proved the theorem 1 we come now 
to the rule of three itfelf ; which is as follow5. 
RULE. 

I. Place the nutnbers in fuch a manner, that when 
the fourth is found, the firft may have the fame pro- 
portion to the fecond, that die third has to the fourth. 

n. Muldply the fecond by the third term, and 
divide the produd: by the firft term, the quotient 
will be the number required ; that is, the fourth 
term : 'The only difficulty will be, as there are but 
three terms giveri, how to place them, which we 
ftall illuftrate by the following example.- 

If a man walks 1 3 miles in 4 hours, how many 
fvill he walk in 24 hours.? Here two of the terms 
are hours, viz. 4 and 24, which muft therrfore be 
the firft and fecond terms, becaufe there can be no 
rado between things of different kinds, as was b^ore 
ob^c^ped, fo Qaa^i 13 be the Third term, wluch is of 
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fhe Cime kind with the fourth term, they being both 
miles. It yet rtmains to know whether 4 or 24 
fiiall be the firft term ; and becaufcwe know Tome- 
idviilg about 4, that is he walks 13 miles in that 
time, therefore 4 muft be the iirft term 1 fo they 
ffli'ay be placed thus, 4: 24;; 13, And 24 x 13-^-4 
=78, i\\& fourth term required ■, as to the operation 
k is indiircrent whc;thcr i ^ of 24 be tliE third term, 
but we fhali in all the examples in this work, place 
fiicm io that the firft and lecond terms may be of 
the fame name, fo Ihall the third and fourth be 
fekewiie of the fame name. 

The rcafon of this operation appears very plain 
from the preceding theorem, and the remarks in 
ddltiplication and diviiion; for though the fourth 
term is not known, we are lure if it were multiplied 
by 4, the product would be equal to 24x13=312 » 
now we have got a produiS and one ladtor, therer 
fote 3i2-r4=^78 muft bethe'otherfadlor, fhe fourth 
Irrm required. 

it wjll be proper to work for anfwers to the fol- 
lowing queftions as we fiull apply the fame num- 
bers to triangles. 

Question I. If looooyards of dochcoft:£428A 
'what will g6o yards coft ? loooo; 6428 : : 960. 

II. A privateer coft loooo/. che (hare of prize 
money coming to the proprietors was 8391 /. one of 
ihem had 7:^5i', in the common ftock, what muft 
bis fhare of rhe priie money be ? 
ioood; 839K:7g5. 

m. Two partners, A, and B, puc lOoooV. into 
s joint Hock, of whii^h A*£ fliare was 617/. finding 
this not fufficient they added 11917 to the ftock^ 
*haE muft A pay ? 

IV. If f/60 yards of broad cloth cofl^ 735 /. whac 
will IOOOD yards coft, ' ogg; 735:;ioopO', 
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V. If 960 /- laid out in, trade in the courfc of i? 
years gain 617 /. what will loodp/.gainin the fame 
time at that rite? 960 ; 617 : : 10000: 

VI. If 617 /. pay 735 laboiirers, how much will 
pay loooo. ' ' ■^' 

' 735* ^'7= ■ 'oooo : 

Thefc exanipies we prdume fufficicnt to llluftrate 
the principles of the rule of three ; we fhall there-' 
Jfore proceed, according to the plan, to fhew how the 
iip^rations may be ftiortencd by the logarithms. 

SECTION HI. 

Of the ConfiruSthn and Vfi of ibf ^e^arilhms. 

\t is not our bufiners here to calculate tables of 
thofe admirable numbers, that being alread/ done 
to grrat exadtneis by Jeveral eminent mathematicians. 
The learned are obliged for this ufeAil djfcovery to 
[he indefatigable labour of the noble inventot Lord 
'l4eper\ but It will be proper here to' cifplaJn fo 
much of their' nature as may enable us to underftand 
the principles upon which they have been calculated. 

Logarithms are artiHcial iiumb^fs, adapted to na- 
tural numbers, and io contrived' that the work of 
multiplication is, by ihem, performed by addition, 
ind that ot" divifipn by fubtraftJon. From this de* 
fcription the following inferences may cafily be dc- 
'duced, rii. - ■• -■ 

Inference I. Every natural number muft have a pro- 
per logarithmt and therefore we muft have a table tcj 
find them by ii)fpe(5ti6n i it Will be fufScieQi: for our 
purpofe to have them tp all natural numb^fs undei' 
joooo, which we luvciiimoft books'of navigation. 

Jnf, IJ. Jf the lugaptiim of any number be In- 
creafed, thecorrefpondci)C natural number will like- 
'Wife be increafed, and the greater the natural nuin- 
icfj the greater its logarithm. 
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hf. III. If tlip togarUlim of any number be 
added to itfclf, or, which is the fame thing, if it be 
doubled, the fum wiU be the logarithm of the fquaife 
of the natural number, thai is, whea it is multipli- 
ed by itfelf. 

Inf. IV. If the logarithms of any two numbers 
are known i the logarithm of the produft or quotient 
of thefc two numbers may with certainty be found; 
for the {um of the two logarithms will be the logar 
rithm or their pfoduft^ and the diiFerence of thctwa 
logaritnms will be the logarithm of their quotient. 

In order then to nyake a table of logarithms, we 
rnay afllime any number at- plcafurc % for the loga- 
rithm of the natural number lo, which let be 
loooooo, it is certain, by Jnf. 3, that the logarithm 
of 100 muft be 2QOOOOO, the logarithm of 1000, 
300000O; of 10000,4000000; Let then 10 be 
multiplied by lO, its logarithm muft be doubled, 
which will give the logarithm of lOo. Again, if 
CO the logarithm of 100 be added that of 10, we 
fhall have the logarithm cf iqoo, t^c as in the fol- 
lowing table. 

Niim. Logaritlunj. 
10 lOOOoOO 
10 lOOoOOQ 



lOK 10=100 
10 



4000000 

lOOOOOO 



lOOX lO^ICOO 

ro 



3000000 
I oOoooo 



1000 X 1 0= IQOOO 4000000 

By this table it is evident tliat tlie logarithms of 
all numbersfrom 10 to too begin with i j from 100 
to 1000 with 2 i and from jooo to loooo they 

begin 
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begin with 3, fcff. This initial figure is called the 
charai^eriftick or index of the logarithm* and de- 
notes how many figures are in the natural number, 
which will always contain one figure Icfs than there 
are units in the index : for this reafon the index is 
feparated from the reft by a point. The logarithms 
of all numbers under 10, will be lefs than 1000000, 
by Inf. Zt and contain but fix figures i but to make 
them contain riie fame rtiimber of figures with the 
other Iftgarithms, o is prefixed to them ; fo o is the 
index of all the logarithms of the numbers under 
10. And becaufe r or unit neither multiplies nor 
divides, its logarithm muft neicher increafe nor di- 
minifh any other : So the logarithm of 1 is 0000000. 
In order to find logarithms to all the intermediate 
numbers betwixt i and 10, 10 and lOO, fcff. Thofe 
who underiland the extraction of the fquare root, may 
find the logarithm of g, 7, and 2, "by the following 
mechftd j firft take half the logarithm of 10, and zdly 
add the logarithm of 10 thereto j S'^'/t ^^^ 
half that fum, Snd 4thly, add the logarithm of 10 
to each : ThUs, firft extraft tlie Square foot of lO j 
2dly, multipiy this root by 10 ; jdly, extract the 
fquare root of this produft ; and 4thly, multiply 
this laft root by i o. 

In this manner we may proceed by adding the lo- 
garithm of 10 to that of the root; the half of the lo- 
garithm of the fum will be the logarithm of the root 
of that produfl, till the root comes to be above 9. 
Now the preceding root being lefs than 9, we may 
add the logarithms of thefe two roots, and half that 
fum will be the logarithm of this produ(?l, which 
will be nearer 9 than any of the preceding roots ; 
and fo, by continual additions and halvings, and cx- 
traftingthe rootsofthefeveralprodufls which the in- 
ventor, with great labour, has done to 7 or 8 places of 

decinuU, 
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(decimals, tUI the rootaclaft came to 9 ; llielogaritJini 
of which he found to be 0.91^4242 : After the fame 
method we may find the logarithms of a, 7, 1 1, 13, 
17, 19* and, by adding or fubtrafting thefc, we maf 
find the logarithma of all numbers under 23. The 
fame proccfs, may be continued till the tabic n coiii- 
pkal. 



t 



Num. 


Lo^ithms. 


10 


*)ioooocio 


3.163 


0500000 


31-63 


*) 1500000 


5.633 


0750000 


56.23 


») 1 750000 


7-499 


. 0875009 


74-99 


*) 1 875000 


8.66 


0937^00 


86.6 


*ii93 7300 


9.506 


05^68750 


. 8,b6 


0937500 


80.59 


1^1906250 


3.977 


0953J25 



Root of 10 

10x3.163 
koot of 31.63 

10x5.623 
Root of 56.23 

JO X 7.499 
Root of 74-99' 

19x8.66 
Boot of 86.6 

8.i;6><9.3o6 
Root of S0.59 

in the above oper.-'tioti wHeii the root is 9.306* 
to the logarithm thereof add that of 8.66, the 
root next lefs to g, and halving the fum w&have the 
logarithm of 8-977, which is nearer to 9 ^ it would 
be needlels to continue the procefs, our defign being 
only to iTiew how they ma^ be "tonftrufted. Now 
hiving the ^ogaiithna of 9, the half of it 0477121 
is the logarithm of 3 : Again* if 0.301030 be the 
logarithm of two, then the double of it 0.60Z060 
inuft be the logarithm of 4: Andbecaufe io-r-2;=i5 
if the logarithm of 2 be fiibtracted from that of lo, 
we (haU have 0-698970 the logarithm of 5 ; 3 x 5= 
,15, therefore 1.176091 wilt be the logarithm of 15, 
X<^X that is the fum of^thc logarithms of 5 and of | ,■ 
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and for the fame reafon, 1.3197540 is the logaritlini 
of 25, tor it is double the logarichm of 5 : The Jo- 
garithm ot 7 is o,84_-,o58t to which addingthe lo- 
.^arithm of 5, we Jhali have i. 322219, thtrioganclim 
jof 2j ■, by the fame mtthod wc Jhall 6nd j. 544068 
to be the iogarichm of 35, arid 1.690196 the loga^ 
ritlimof 49. 

' . This wc prcfutnc Tufficient to (hew how the table 
may be made; and that it will anfwer the end of 
niultipiication arid divifion, and of confcquence all 
ppcrstions in the rule of three, which we ftvJi lUul- 
trace by the fame examples which have been done 
Wore by rmjltiplication and divilion. 

Examptes in MuUiflUafisyt and Dhifiifn. 
Exairple I. Example II. 



Logarithms. 
beg. 29 1.462398 
J4in. 60 1. 778151 
Min. 1740 3.240549 



Example III. 

Mil. 2-i- 2-5 1-39794D 
Hours 24. y^oin 

Miles 60,0 2.7781 51 



Logarithms. 
0,698970 
1.380211 
O-698970 
2.77813, 



Days 5 

Hours 2 4 
MiJes 5 
Miics 600 

Example IV. 

Deg. 678 1.831236 

Min. to 1.773151 

Deg. ii.j I.05JOS9 

Example V, 

A Ihip drives', ^;ViWf«»^, Miles g6.'o l-Sf^^ox 

Current ^ Ol mWc^ dn'ifir\ q.^ ^•^^^97'^ 

Hours, quotienti^ 72 »**i37j34 

"When fraftions are to be multiplied or divided, 
Veduce thtm to decimals, and work as if they were 
whole numbers, and the index of the refult will de- 
note how many figures will be in the produft or 
\]Uotient : As, in ^amL-Ielll, 'the index of the fum 
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pf die logarithms is 2, therefore the natural num- 

jber correfponding thereto, will have three figures; 
but becaufe there muft be as many decimals iq the 
produdt as in both the mtiltiplier and multiplicand, 
one of them miift be a decimal, as in the Operation 
in Ejtample V^ 1 is ihe index of the remainder, or 
diiferenceof the logarithms* therefore there muft be 
two figures in the quotient, and bccaiife there itiuft 
be juft as many decimals in a quotient, as the divi- 
dend has more than the divifor, vWiich in this cafe 
is none, they muft be both whole numbers. We 
prefumc this method is better than perplexing our- 
Idvcs with negative indexes* 

Examples in the Rule 0/ Three, 

The 2d example, about the privateer, when done 
t»y multiplication and divifion would Hand thus, 
loooo: 8391 : : 735 ; nowbccaufc the fecond mufl; 
be multiplied by the third, their logarithms miift be 
4dd«d, and becs(ufe the f roduft mCilt be divided by 
ilitt firft term, its logarfthm hnift be fobtrafted from 
the fumgf thetrther tiwo logarithms. The terms 
may be placed in different lines, and their logarithms 
againft them as in the following operation. 
A^ 10600 ^ooocx)6 

)sto839i 3.923814 

fois735 2.S662S^ 

to 616.S 2.790101 ^ ^ 

Here thefumof the two logarithms is 6.790 lot, but 

■ as the logarithm of the i ft confifts only tif cyphers, it 
is only fubtra)5ling 4 from the index as above, the 
ncarell logarithm I find in the ubtes, is 790144, with- 
out rc'gardfhgthe index, the naturalniimber corref- 
pondingtheret6is6i68-, but becaufe the index is 2, 
ihelaftfigtire muftbeadtcimal, After the fame man- 
ner the other queftions may be folved, which we (hall 
omit; but as wc have frequent occafion to men- 
tion 
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tip,;! decimals, i; will be p.rop^cr here co iky foroething 
of then^. 

It was before obferved, tl^at a fraction Js a. part of 
fomcthing, and that the dcnominatojr txp^'tiles tl»e 
number of parts the whole thing is divided into, 
and the numerator, how many of thofe parts arc 
contained in the fraction ^ lee a ruler of one foot 
long be divided into 12 equal parts, then fix of 
thefc parts, that is half a foot, will be-j-V> which '\% 
called a vulgar fraftion : But if the foot were divi- 
ded into ten equal parts j the half of a foot would 
be five of thefe parts : Again i-V or -J- of ^ foot 
would be equa! to two tenths' and half A tenth i 
■vhich is T of a foot divided into ten equal parts ; 
a^d, in ofder to exprefj this, every tenth part muft 
be divided into ten eqqal parts, by which the foot 
■will be divided into too equal parts, and half a 
tpnth will tie -r-l-e and 2 tenths -i^, fo vV will 
be equal to -^ and A=-iVff- 

\Yhen ttje denominator of a friftion is i with 
any number of cyphers annexed, it is then called a, 
decimal frai5bion : The denominator is always i, 
with as many cyphers as ihcrc arc figures in the 
numerator, for which rcafon there is no occafion 
to fet down the denominator, that being known by 
the numerator, to which there is a point prefixed, 
cp dtftinguifh it from a whole ngi?)ber- Thus 
.5.25.66b. fignifies -^, -rV-r. -A-^' TheTadyan- 
i^e pf defiinals i^, tljat by them multiplicatioq 
and divifion \s. performed as in whole n^mibcrs, the 
ojiiy difference is in the value of the protlu^t, or 
quotient, but as it has been noted that there are 
always as many decimal^ in th« ppodu^^ as in both 
tlie factors logetlier, atjd pf cpnl'eqpence, juft a« 
niany decimals in the quotient, as the dividend 
contains more than the divilbr, the value ot eac^i 
may eafily be found. Ffom this defcription of 
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ynlgar and decimal traftions, it is obvious avulgap 
may be reduced to a decirnul by the following ruk j 
as the denominator of the vulgar is to its niimcra- 
,for, fojs ID, or too, or looo, (j?c. to the nume- 
rator of [he decimal -, fo-s^=.5, for 12 : 6 : : lO : 5, 
apd-rV^-aSi for 12: 3:: 100: 25, and ^-^—M6 
|icarly, 1 a : 8 : : 1000 : 666, which may be produ- 
ced to' as many places as you pleafe, and though 
jt will never be exaftly equal to the vulgar Traidtion, 
yet the difference is fo very fmali that tV of a foo? 
^r & inches may \x reckoned equal to .666 of a footi 

* • 

SECT. IV. Of Gunter'j Linei. 

We have in the preceding feflions fhewn how tor 
work all qiiellions in the rule of three either by 
iptihipli cation* or djvifion, or by phe logarithms ; wfe 
jlhall now Ihew how they may be performed by (bale 
and compafles -, in order to which we Ihall firft re- 
Diark, thit addition or fubtraftion may be perforrh- 
' by' a good fcalc of equal parts^ and apairof com-r 
li/paflTcs* which will be fufficicntly illoftratcd by thj 
^wo following examples, ' "■ 

Example 1, L,ct rfie two numbers to be added bf 
301, and ^77, 

' Drawa {trait line AB, ai^d with a pair of com- 
pafles, take 30 c off the Jcale ; which let otF from 
'A to C i take alio 477 off the fame fcale, whiph 
fe: off from C to D-, the whole line AD mea(ii- 
[red on the fame fcak will be found to be j^S, the 
fum of the two numbers. folate I, Fig, J. 

Example IJ. J_tJ it be required to fubtraft 301 
^rom 1 000. 

Take lOQo off the fcalc which lay upon, the 

ine from A to B •, take alfo 301 off the famt 

f"lcaie, which lay oif from B to E, fo Ihall A E, mea- 

kfured on the fame fcalc, be 6951, which is the rcr 

^lainder. J^i/ttel. fig.l. 

Kow, 
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Now, if any two numbers may be thus added or 
fubtracled, we may do the lame by the logarithms of 
two numbers; the two precedings are the loga- 
rhhnis of 2 and of 3, and of cunfequence their 
fum is the logirfthm of 6. Hence it is plain mulci- 
plication and divifion, and of confequence 2II the 
operations in the rule of three, njay be performed 
by compares, and a good fcale of equal parts, 
provided we have a table of logarithms to find the 
numbers that are to be added or fubrradled. Mr 
Gunier has conftruftcd lines, on which the logarithms 
may be had without the table, which are upon the 
fcales called by his name, G«H/fr's IbaJes; ore of 
them is a line of numbers, marked 1, j, 3, fcff. to 
9 ; and the fame figures onthe line, produced, at the 
feme diltancc as in the iirif part of the line, fo there 
is I at the beginning, i at the middle, and i at 
tiie end of the line. 

Mr Gmtif conftrufted this line from the loga- 
rithmSj and becaufe o is the logarithm of i, ths- 
i5gure i is placed at the beginnino of the line. A- 
gain, as 301030 is the logarithm of 2, it muftbelaicj 
off from I to the figure 2 ; in like manner, the 
figures ^, 4, &?(:* are placed on the line, by fctting 
off the logarithms of thefc numbers from i at the 
beginning of the hne; and as loooooo is the loga- 
rithm of 10, I 13 again placed in the middle of the 
line 5 and becaufe 1:2:: 10: 20, i : 3 : : 10 : 30 ; 
the fig;nres 2, g, 4, fefr. are placed at the famedif- 
tancc from i in the middle, that they are from i 
at the beginning. The lints of equal parts, on the- 
plain fcalc, are only divided into lOo equal parts, 
which ws may call 1000, and take that for the lo- 
garithm of 10, and fo the logarithm of 2 will be 
3DI. We fliall rtiew, in the next chapter, how to 
make fcales of loooo equal parts, which being 
conftni(5tcd, we may then take the losari 
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any of cliefe fcalcs» as tup-pofe by the line A B, FL I. 
Fig. \. wlucK is a line of equal parts, and trom chence 
transfer them to the line tip, which will bcaUne of 
numbers properly graduated, and is evicfeiitly a, line 
of logarithms ; in like manner the intermediate di- 
vifions may be taken from the logarithms. 

The line being thus conftrufted, olw next bufi- 
nefs miift be to read it, or find any number, or ra-I 
ther the logarithm of any number upon the line. 
Now tlie firfl: figures may be reckoned i, z, 3, chat 
is one, two, three, &?£. then the fame figures on the 
fecond part of the line, will be 10, 20, 30, ^c. if 
the figures in tlie firft part be accounted, lO, 20, 
30, fs'f. they will, in tEie fecond part, be 100, zoo, 
300, ^c. The value of tlie figures being determi- 
ned, will alfo determine the value of the dirifions 
betwixt them, for the fpaces betwixt them are divi- 
ded into ten unequal parts j when figure 1 , at the be- 
ginning, is one, the intermediate divifions, in the 
iirftpart, will be tenths of an unit, and, in the fe- 
cond part, they will bn units-, if the firfl: figure i 
be ten, the intermediates, in tiie firft part, will be 11- 
nits, and in tlu- fecond part, tens: where the fpaces 
willadmlt, thcfe ttn divifions, which are diflinguiflied 
by longer ftrokes, are divided into five or into two 
unequal divifions, by fmaller ftrokes ; the Ihort 
ilrokes, when they are four, will be two tenths each ; 
b\ic when only one, it will be Only one halt of the 
aiijoining long ftrokes. It will now be eafy tofinda- 
ny numbvr upon the line ; for, if it were required to 
find 7, and 14; let the firil: figure 1 be one; the 
figure 7 next to it will be feven -, figure i in the 
middle will be ten, and counting four of the long 
ftrokes, beyond figure : in the middle, we have 
14. Again, lee two ntimbcfs be 79 and 129 ; the 
firlV I mult be accounted ten, then counting nine 

now I in die 



iirokcs beyond figure 7, we have 79 



mi 
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middle will be 100, the longftrokes betwixt 1 and 
2 will be tens, and the ihort ones two units, each fo 
counting two of the long ftrokes^ we have 120, and 
four Ihort ones make 128 ; wd.muft then eftimate 
the half of the diftance betwixt the laft ftiort ftrokc 
and the figure 2, which point will be 1 29. 

The lines being thus conftrudted, we have no 
more occafion for the table of logarithms, for we' 
have them upon the line, which therefore may be 
added or fubtradted by a pair of compaifcs, and of 
confequence aH quefttons in the rule of three, may 
be folved by , this line ; obferving the following 
general rule. 

RULE. 
Place the numbers as before direfted, and extend 
the compaffes from the firft to the fecond term ; 
then placing one foot of the compafles, in the third 
term, the other foot with the fame extent, will reach 
to the fourth term. 

EXAMPLE. 
Let the given terms be 2 : 8 : : 5, the extent from 
2 to 8, will reach from 5 to 20, which is the fourth 
term, here we add the difference betwixt the loga- 
rithms of 2 and of 8 to the logarithm of 5, evidently 
iame as if the logarithms of 8 and of 5 were added, 
and the logarithm of 2 fubtrafl:ed from their fum, 
which is done when the operation is performed by 
the pen. As to multiplication and divifion, if i 
be put for the firft term, it will be as i is to the 
multiplier, fo is the multiplicand to the produft ; 
and if i be put for the fecond term, it will be as the 
divifor is to i, fo is the dividend to the quotient, 
which is in effeft the rule of three j fo if it -were re- , 
quired to multiply 8 by 5, it would be i : 8 : : 5 : 40* 
and tl\e extent from 1 to 8 would reach from 
5 to 40, Again, if it were required to divide 40 
by 2, it would be 2 : 1 : : 40 : 20, and the titent 
from 2 to I will reach from 40 to lo. ''^^ 
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\Yc miglic add more examples, but to make inJ 
thoroughly acquainted witli this lln^, ic will be proi 
ptr to v/ork Teveral examples -with the pen, and] 
prove them by tiiis line ; and when the pro-j 
duft does not exceed three £gures, tlie refiilcs w lH-j 
agree. 



CHAP. IL 



0/ GEOMETRY. 



■ XHT^ ^ have in the preceding chapter explained 
I VV "^^^ dodtriac of geometric proportion by 
I numbers; we come f*ow to ihew how this may 

■ be done by means of lines, without any arithmetical 
I calculation. 

^L • SECTION I. Geometrical Bcjhiiiiom. 

^^ t. A detinltion is the perft-ft explanation of luijr 

* word or thing Ibppoled not to be underltood. 

2. A circle is a ligure or fpace contained within 
one curve hne, and in pradticc is defcribed by a 
pair ot compaits. 

3. The centf r is the point where one foot is fix- 
cd^ the other being carried about dcfcribes the 
cufve. 

4. The circumference ur periphery is the curve 
line defcribed by the moving point, as A B D E, 
PI I. Ffg. 2. 

5* TIk radius or fe mi -diameter, is any fir.ih: line 
drawn lro;n the center to the circunitercnce, as C A, 
C B, C D, C E, of which there may be any num-* 
ber, buc tUey will be all equal to one another, 

6. Diameter is any ftrait iine drawn within the 

circle 
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circle through the center, from one fide of the cir- 
cle to the oppofite, as A D, and E B. 

7. Chord is any ftr^ line drawn from one part 
C^ the circumference to the other, fo it does not 
pais through the center as B R, R T, T E. 

8. Arch is any part of the circumference. 

9. A degree is the 360th part of the circumfe- 
renccj for every circle may be conceived to be di- 
vided into 360 equal parts, as in the figure, the in- 
ner contains as many parts as the outer one does ; 
but the d^rees are greater or lefs in proportion to 
the radiiiiTes of the circles. 

A femi-circle is half a circle, and contains 180 
degrees j a quadrant is ^ of a circle, that is ^o de- 
grees j what an arch, wants of 90 degrees is called 
the complement of that arch ; 40° is the comple- 
ment of ^o ", and 50 the complement of 40'' . The 
fupplement of an arch is what it wants of 180 de- 
grees, 140 is the fupplement of 40*'. 

11. When two lines meet at one point they form 
what is called an angle, the lines that form it are cal- 
led the fides or legs, the point where they meet is 
called the angular point. PI. I. Fi^. 3. 

The quantity of an angle is not eftimated by the 
kngth of the fides that form it, but by the number 
of degrees it contains, for let there be two angles 
ABC, and D E F, and one arch defcribed fi-om 
B, and an<^er from £ as centers, and fikewife the 
two radiufies equal ; if then the two arches be equal 
. the angles will likewife be equal, otherwife noc. 
We ufe three letters to exprefs an angle, the mid-? 
die one dcnodng the angular point. 

12. A perpendicular is a llrait line, fo drawn 
to another, as to incline to neither fide, as 
P C to A B, ,and if it is not at the end of a fine, 
iviil make two equal angles, and therefore 90 de- 
grees 
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greescach ;tlicy jre calieil right angles. "When the 

line is not p.^rpendicular as C F, it will incline to-' 

l^-ard A* and the angles wilJ become un qual, and 

larecailtd oblitjiie; th^ angle A l.^ F which is Icis 

f tlwn a right one, is acute v the angle F C B greater. 

than a right one Is called obtitfe. t'L I. Fig- 4. 

r^. Parallel lines are fiicli as are every where 
equally diflant from one another, as A B, and 
FG. H.\. Fig. 1. ; 

I 14.. A plain re£l:elincal trisngic is a figiire, or 3 
pfparf, upon a plane limirted by three ftrait lines, 
which are called iides, and by th?ir meeting form 
three angles ; if the fides be eqmal it is called equi- 
lateral : Ifoneof die angles be right, that is go deg. 
it is called a ris'ht analcd triant/le. As it is on- 

Do D 

ly of thffe w^ fhall treaty when we inention the 
■word tri.ing[r, it muft be iindcTftood of a ftrait li- 
fted rigl;t angled one, unlels the contrary be expref- 
fed. The fuies of a right angled triangle are dif- 
lingiiirticd by difix-renc nam s, which we fhall call 
their proper names-, for we (hall hereafter have 
occafiOn to give them fir-names. 

15. Hypotiieniife, is the fide oppofitetothe right 
angle,, which we fhall call A C, The two fides 
that form the right angle, are called the one the 
pETpendicirlar, and the other the bale indifferently, 
but for diftinftion we ffiall call A B the perpendicu- 
lar, and draw it parallel to the margin of the book; 
B C we fhall call the bafc, and draw it parallel to 
the top and bottom of the page, fo the angle at B 
will be go deg. the anglts at A and C both to- 
gether will be 50 deg. as fhall -be, proved hereafter, 
the angle at A we rtiall call fimply the angle, 
which we fliall always fiippofc oppofite to tlic bafe, 
at C we fhail cafl. the complement 
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angle. The fiiJlowing are fuch natural inferences 
from the definitions, that they require no demno- 
Ih-ation. PI. I. fig. 5. 

INFERENCES. 

1. The greateft angle that can be' made by- 
two ftra'it lines will be lefs than 180 degrees. 

2. If a right line CF, meets another line A B any- 
where as at C, fo as to form two angles, both toge- 
ther win make 1 80 degrees : For, if from the an- 
gular point C, a fcmi-circ)e be defcribed, it will ex - 
ai^tly meafure both the angles. Ail the angles that 
can be made at a point on one fide of a line will 
make 1 80 degrees j but if they crofs in one point, 
they will make 3 60 degrees. PL I. Hg. 4. 

3. If there are feveral equal chords, as E F, 
F G, in the fame circle, the arches fubtended by 
them will alfo be equal, but if the circles be une-- 
qual, the arches may contain the /ame number of 
agrees in each, but the chords will be unequal in 
proportion to thf; radiuffcs ; that is, if the radius C E - 
be double or triple the radius C N ; then wil'. the 
chord E F, be double or triple the chord N M : 
1 hough this may feem plain enough by ttie figure, 
yet as upon it the whole of trigonometry chiefly 
depends, it Ihallbe demonftratcd in Theorem VI. It 
is likewife very plain, that though the arch E F G 
be equal to the two arches E F, and F G, taken to- 
gether, yet the chord G E is not equal to the chords' 
E F, and F G. PL I. Fig. 2. 

SECT. II. Geometrical Theorems. 

THEOREM!. 

If two ftrait lines A B and D E crofs one ano- 
ther in C, the opjwfite angles A C D, and B C E, 
will be equal i for let the angle D C B, be any 

number 
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number of degrees fuppofe loo; then the angles 
A C D, and B C Ej mull: each be Ro degrees, by 
Inference ad, Scft. r. Chap. 2. Pi, 1. Fig. 6. 

THEOREM ir. 
It aiVrait line E F cut two parallel lines A B and 
C D, then 

1. The externa] oppofiCe angles AGE and 
D H F will be «qual -, as will alfo the angles 
B G E and C H F ; for the two lines bting pa- 
rallel, they may he cnniidered as one broad line, 
and the line E F croITmg It, fo the angles will be 
equal by the preceding. Pi. I. Fig. 7. 

2. The internal angie C H E, is equal to the ck- 
ternai one A G E, and E H D equal to E G B, fof 
AGE was jull now proved equal to D H F, e- 
qiial CHE by preceding 5 and for the fame reafon 
E G B= C H F}E H D. PL L Fig. 7. 

NotSy By external is undcrftood out-fide; and by 
xatcrnid Infide. 

3. If a line C B be drawn to meet two parallels 
A B and C D, the akernute angles, ABC and 
BCD will be equal, lor producing A B toE j DC 
»o F i and - B to H and G ; then the angle H BE 
is equal to the angle ABC, and likewife to the an- 
gle F C G=B L D, therefore A B C= B C D » 
and for the fanse reafon the alternate angles E B C 
and B C F arc equal. P^aic II. Fig\ 12, 

THEOREM 111. 

If apcrpendicukr be drawn from C, the center 

Lof a circle, to the chord A B, it will bifTcdt the. 

|c!>ui*d in K, and the arch in D ; and if 3 perpentii- 

fcciiljf be ertffled from the middle of a chord, it will 

pafs through die center, and therefore if produced 

will be a diameter ; for the dotted lines C A and 

C B» being eqtialj alfo D A and D B, the point C 

the 



SsCT. i. Gt^rmeirkal ^h(«remj. J§ 

is equally diftant from the points A and B, and for 
the fame realbn, the point D is equally diftant from 
the points A and B, fo F, or any other point in 
Che line C D, will be equally diftant iromthe points A 
and B, and therefore A B is bifected in F. PI I. Fig. 8. 

THEOREM IV. 

If a ftraitline A B be drawn to touch the circum- 
fctence in the point B, and the chord B F be 
dtawn, the angle A B F made by the chord and 
tangent, is meaiiired by half the arch, of which 
B F is the chord. 

DEMONSTRATION. 

Dra* the radius C E pcrpcnilicular to the chQrd> 
'ft'hich will bifedt the arth in E, fo ftiall B E be half 
the arch FEB, evidently the meafure of the angle 
B C E i all then ^hat i& to be proved, is, that the 
angles A B F and E C B are equal : In order to which 
draw the radius C B, which will be perpendicular to 
the tangent, draw aifo the diameter D G parallel to 
the chord B F. P4ati J. fig. 9. 

The angles A B F and FBC» both together, make 
90 degrees j the angles E C B and B C G are Hke- 
wlfc 50 degrees % but F B C and B C G are alter- 
nates to the parallels F B and D G, and therefore 
equal by the ad The.) and of confequencc the angles 
A B F and B C E muft be equal. 

To iiUiftraie this by numbers, fuppofe the arch 
B E F 80 degrees, the angle B C E muft be 40 
degrees, and B C G 50 ; and becaufe the angles 
F B C and B C G are equal, F B C muft be 50 
likewife, and of confcquence the angle A B F muft 
be 40 equal to B C E, the thing that was to be 
proved. 
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THEOREM V. 

An angle made bytwo chords meeting in thecir-t 
cuniference is meafured by haif the oppofite srch^ 
that is the angle L H G is meafiirecl by half the arch 
L E G, of whach L G is the chord. Plate I. Fig. i o, 

DEMONSTRATION. 

Draw the line KM to Eouch the circle in H. The 
three angles at H make i8odegrees(fay Inf. ll.SeJI. 
I. C&ap. II.J the angle G H M is meafuretlby half 
tite arch GPU; and the anglt; K H T is meafu- 
Tcd by half the arch H R L (by preceding) there- 
fore tl>e angle L H G ismeafured by half the arch 
LEG, for the lulf of this arch, and the halves of 
the other two arches, make iKo degrees ; hence we 
niay deduce tlie following ufeful inferences. 

INFERENCES 

I. All the three angles of any ftrait lined trian- 
gle ma.ke i So degrees, for any triangle, as we flialV 
iliew ir> Problem 6, may be iiifcribcd within a cir- 
cle; then each ar!glc will be at the circumference* 
and ihe fides will becom6 chords of arches, the 
hidves of which meafure their oppofite angles, but 
half the fum of thefe arches is i So degrees. 

This inference is of great importance in trigono* 
meiry, from whence, if one of the oblique angles of 
a right angled triangle be known, theother is found, 
by fubtraftion ; we lliall therefore demoirftratc it a- 
iiotlicr way. 

Draw the line H M through T, or any of the an- 
gular points of the triangle T S N ; and let it be pa- 
rallel to N S, the lide oppofite to the angle through 
■which the line H .M is drawn. The three angles at 
T make iSo degrees, but the angles M T S, and 
T S N being alternates are equal by Theorem II, 
and for the fiiiiie reafon the angles T N S and, 

HTN 
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H T N are equal, and therefore the angles at N 
and S, together with the angle NTS, make 1 80 
degrees. . Plate I. Fig. 11. 

2- The aagle at the circumference of a ciccle is 
half thar at the center, if both itand upon the fame 
arch, for this is me^ured by the whole, and that by 
half the oppoike arch. 

3. An equilat^al triangle is alfo equiangular, for 
being infcribed within a circle, the fides will become 
equal chords, and of confequence ths arches will be 
equal, that is, 120 degrees each, which will make 
the angles 60 deg^es each. 

4. The radius of a circle is et^al to the chord of 
60 degrees of the fame circle ; for making an equi- 
lateral triangle on the radius AC; the angle at C 
will be 60 degrees, that is to fay the arch B F A 
will Ix 60 degrees, of which A B is the chord, e- 
vidently equal to the radius. It is oh this account 
we always take the chord of 60 degrees before we 
.can make .or meafure an angle by a line of chords. 
Flatel. Fig. la. 

5. In two triangles, ift if the fides of -the one 
be refpc<5tively equal to the fides of the other j 2d, 
if two fides and the included angle in both be equal ; 
gd, .if two fides, and the angle oppofite to the like 
fide be equal j 4th, if two angles and the fide be- 
twixt them be equal : ia.all thefe cafes the triangles 
will be equal in all refpie^s. 

' T H EOR E M VI. 

In any triangle A B C, if a line D E be drawn 
parallel to any of the fides, fuppofe to B C ; then 
thefideAB: AC::AE:ADi andAC:CB:: 
AD:DE. AlfoBC: BA::ED:EAi and 
CB:C A::DE:D A. " Plate I. Fig. 13- 
DEMONSTRATION. 
Divide the line A B into any number of equal 

parts. 
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parts, fnppofe fix, in the points la, 24, (s'c. thro' 
rhefe points draw lines parallel to B C, which will 
divide the line A C into fix equal parts in the 
points 15, 30, &?c. Again, through the points, in 
the line A (_\ drjw lines parallel to A B, which 
will divide the line B C into fix equal parts, in the 
points S, 16, £3";-. fo ihall the fide A C be 90, the 
fide A U 72, and BC 48. It is evident that 



AB 

72 
AC 

90 
BC 

48 
CB 

48 



C 

48 
CB 

4S 

B A 

yz 

C A 

90 



A E 
60 • 
AD 

75 
hD 

40 

D£ 

40 



ED 

40 
DE 

40 
h A 

60 
DA 

75 



now wherever tlie Jine be drawn, fuppofe r f, at 5 1 
in the line A B, then will A > be 4-'- of the linx^ 
A B, and it is plain A r will be 44 p^rts of the 
line A C, and r t-}-^ of the line B C. PI. l.Fig.t^. 
INFERENCES, 

1. The chords, finesj tangents, and fecantsof li- 
milar arches, are in proportion to their radiufles, 
for the arches, ALE, and B K H, being fimikr, 
that is to fay of the fame number of degrees, thq 
chords, fines, tangents, and fecants, of the one, are 
evidently fimilar to thofe of the other ; and C E : 
E A ; : C H : H B, fcff. FUte I Fii- 14- 

2. In fimilar triangles, the fides containing the e- 
qiial angles are proportionals ; that is, if the angle 
at A be equal to that at F, the angle a.t B equal to 
that at H, then will die angle at C be equal to that 
at G, and becaufe the angles at A and F are equal, 
if A / be made equal to F H, and A r equal to ¥ G, 
then the triangle A r ( will be equal to the triangle 
F (i H, and the line r t parallel to B C ; fo Ihall 
A B; AiE=FGi: AC;Cr=FH. Pl.LFi^'13. 

3' If 
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3. If two triangles are fimilar, and the fides and 
angles of one of them be known, and one fide and 
the angles of the other, or two fides and one angle 
be known, then the other two fides may be found 
by the rule of three, for let all the fides of the tri- 
angle A B C be given, and let the Triangle F G H 
be fimilar to it ; and the fide H G given ; then to 
find the fides FG and F Hit will be BC ::C Aj: 
GF:HGandBC:BA;:HG:HF. 

We Ihall have oecafion to have recourfe to this in- 
ference in trigonometry, for all the parts of a tri- 
angle, fimilar to the triangle concerned, muft be 
known, before we can obtain the things required. 

Wc fhali now proceed to the pr^dlical part of 
geometry, contained in the following problems. 

SECT. nr. Gsometrkal Problems. 

■• P R O B L E M I. 

To divide aftrait line h, B into two equal parts. 
Phiel.Fig.W, 

1. With one foot of the compaffes in A, with 
any convenient extent dcfcribe two fmal] arches, the 
one above, and the other below the line. 

2. With the fame extent, and one foot in B, dc- 
fcribe other two arches to cut the former in D and 
K, and draw the line D E, wjiich will cut (he line 
A B in two equal parts in C ; for it is evident tli? 
poincsDandE arcthefamediftancefromAthat tiicy 
are from B, and the line U E being the neareft tliat 
can be drawn betwixt thefetwo points, all the parrs 
of it will be. the fame diftance from A, they arq from. 
B, and of confeqoence the point C will be in the mid 
die of the line ; in practice there will be no occafioa 
to draw the line D E, as the point C may lie fouqd 
l)y laying a ruler from D to F-. 

■ PRO. 
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At the point C, near the middle of a line, to c» 
reft 3 pf rpentlicular. 

I. With any convenient extent take two points A 
and B equally diftant from the point C. Pil.Fii. 4. 
. 2. Deicribe one arch from A and another from 
B to iiiterfed one another in D, lb ihall D C be 
die perpendicnkr required. 

PROBLEM III. 

From the point D to let fall a perpendicular to 
the line A B near the middle of it. 

1. With any convenient eiitent from D, aa cen- 
ter, defcrjbe two arclies to cutthe line ia any two 
points, as in A and B. Plate I. Fig. 4. 

2. tJelcribe one arch from A, and another from 
B, with the fame radius, to intcrfcft one another in 
the oppoiite fide of the line, in E \. and lay a ruler 
from D to E, fo ftiali D C be the perpendicular re- 
quired. Thefe two need no demonftration, for the 
points D and E being the fame diftance from A 
idicy are from B» and A and B being equally diilanc 
from C, the line D C inclines no more to one fide 
than to the other. 

P R O B L E M IV. 

From the point B at the end of the line to ereft 
a perpendicular. 

1. Affume any convenient point C out of the 
line, in which place one foot of the compafl'es, 
a;nd open the other to B. Plate I, fig. 15. 

z. With the radius C B defcribe one arch to cut 
the line at A, and another arch oppofite thereto. 

^, Lay a ruler over A and Cto cut the oppofite 
arch in 6, fo fhall D B be the perpendicular re- 
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PROBLEM V. 

. To let fall a perpendicular frpm the point p» 
when it will be near the end of the line. 

This is only the reverie of the former : . for 
draw a litK from the point D, to interfefi: the Ime any- 
where as in. A, and findC'thetniddle.of this line, 
from which as center, with the radiiisC D=sC A, dc- 
ifcribe an arch to cut the line in B, fo Ihall D B'be 
the perpendicular required : for it is plain if the fe- 
mi-circle A B D be defcribed from the center C, 
A D will be a diameter, and th6 angle DBA atthe 
circumference, which will'dttrefMe be meafared by 
half the oppofite arch (by Theorem 5.) In this cafe 
180 degrees, therefore the angle at B will be go 
degrees. Plate I. Fig, 1 5, 

PR O B L E M VI. 

To defcribc a circle through any three point* 
A B D'whtch are ndt fituated in a ftnit line. PL I. 
Fit. 16. 

J. Draw the chords A B and B D, for they mil 
be chords, becaufethe points mufi: be in the circum- 
ference. 

2. Bifeft thechordsby two perpendiculars to in- 
terfeci: one anothcc in C, which will be the center 
required. . 

PROBLEM VII. 

To draw a line parallel to a given one A B. 

1 . If the diftance betwixt the lines be given } 
with that, as radius, draw onearch finom A, and ano- 
ther from B, and draw the line C K juft to touch 
chefe arches, whidi will be piuallel to A B. Plats 
11. Fig. I. 

' 2. If the point N be giveiH ihrou^ which die 
line is to be drawn. 

1. Fix. 
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1. Fix one foot of the compafles in the given 
point N ; and open the other to cut the given line 
any where fuppofe at B. 

2. With thai radiws, and one foot any where in 
the line A Bj as at M, defcribe an arch. 

3- With M B as radius, from the center N de* 
fcribe an arch to cut the former in Kj fo fliall K N> 
be parallel, to A B. 

DEMONSTRATION. 

Draw the line K B ; fo (hall the triangles K B N 
and K B M be equal, for K N=B M and K M= 
N B by conftrutlion, and K B common to both, 
theafore the alternate angles K B M, and B K N, 
are equal, and the Unes parallel by Theorem II. 

PROBLEM VIII. 

To make an angle ABC equal to a given one 
DE F- 

Deft-Tibc an arch from the center E, and one from 
the center B, both with the fame radius, which 
may be alTumed at pleafure, and make this laft 
arch equal to the former, fo (hall the angles be e- 
qual by Def. 13. Plate I. Fig. 3. 

By the fame method wc malce an angle of any 
number of degrees, but, as was before obfcrved, we 
muft firft divide a circle into degrees by the fol- 
lowing method. 

1. Defcribe a circle and quarter it with the two 
diameters A D and E B, fo (hall each quarter be 
go degrees. Plnte\. Fig- 2. 

2. Take the radius in the cnmpafles, which layoff 
on the circumference both ways irom the points A» 
B, D, and H, tbis will divide the quadrant into 
three equal parts, and therefore 50 degrees each : A- 
gain, theft fubdividcd into three equal parts, will di- 
vide the quadrant into nine equal parcij» which will 

be 
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be ten degrees each, this is fitiBcienc for our pur- 
pofc, our intention bring only to fhcw how the cir^ 
cumtl-rence may be divided* which the mathema- 
tical inftrumcnf makers have effected, not only to 
fmgle degrees, by rqjeated trials, but even to mi- 
nutes and (econds, by a contrivance which (hall be 
explained in another place. Alter one circle is di- 
vided, any other circles may be divided by draw- 
i-ng them from tlie fAme center, and producing the 
rddiuITes of the divided circle to the circumferences 
that are to be divided. Plate I. i-ig. II. 

Being now provided with a divided circlr, we 
may make an angle of any number of degrees, 
which is inefFcifl making an angle equal to a given 
onci for let it be required to make an angle of 40 
■degrees, we have the angle H C B in the quadrant 
A B which is 40 degrees ; Co there is no more to 
be done, but to take the radim of this, or indeed 
of any divided circle, and with that ddcribc an 
arch, the center of which miift be the point where 
the angle is to be made, and then take the requi- 
red number of degrees from the periphery of the 
divided circle, and let them off on the arch. In 
praiilice this is done by a line of chords, for it mutt 
be oblerved, that in mearnring arches we do not 
apply an inftrumcnt to the curve, but take the dif- 
tance, betwixt the extremities of the arch, with a 
pair of compafTes, which in effeft is ta.king the 
chord of the arch, Now, if from the point B lines 
be drawn to the feveral divlfions of the arch B D, 
they wlU be chords uf the arches to, 20, ^c. and 
B D will be the chord of 90 degrees. We may 
then from the center B defcribe arches through the 
fevcrai divifions of the quadrant to interfe*^ the line 
B D in the points 10, 20, ^e. which will be evi- 
dently equal to the refpe(ftive chords in the qua- 
^anti and it is by this method the lines of chords 
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on the plain fcale arc conftruiled. In order to 
make an angle by a line of chords ; firft, wich the 
chord of 60, defcribc ah arch, this will be the fame 
as it" we tike the, radius of the divided circle, be- 
caule the chord of 60 degrees is equal to it, by In- 
ference 4, Theorem V. Secontlly, take the requi- 
red number of degrees from the hr>e of chords, 
which will be the fame thing as if taken from the 
circumference, and lay them off on this arch, as 
Ihall be illuftrated in the following examples ; tor it 
is in making and meafuring angles, raifing and 
ktting fall perpendiculars, that the praffical part of 
Geometry is chiefly employed. There are fcveral 
lines of equal parts on the plain fcales, rbefe parts 
may reprefent feet, yards, miles, or any other mea- 
fur^, and as all arches of circles, or which is the 
fame thing, all anglee, arc meafured by a line of 
■chords; fo are the lines that form the angles mea- 
fured by a line of equal parts ; great care muft 
therefore be taken not to miftake tlie one for the 
Other, as it ofti?n happens with beginr^ers. It h 
prefumed the following queftions may be folved 
without any further diredions than referring to the 
,prereding problems. We (Kali only obfervc that 
A B is to be drawn parallel to the margin of the 
book, A C oblique, and B C parallel to the top or 
.fcottom. Plate \. Fi^. ^. 
I Question 1. ha it be required to make an an- 
':gle of 40 degrees at the point A of the line A B,. 
then to make A C g6o miles, and from the point 
('C to let fall a perpendicular co cut the line A E ia 
F$ ; required the miles in the lines A B and B Cy 
l?and the degrees in the angles at B and at C ? 

11. After making the angle at A 40 degrees, as irt 
the preceding, make the line A B 755 feet, and the 
.-angle at B 90 degrees, required the angle at C and 
ihe length in feet of the lines A C and B C ? 

III. Ereft 
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in. Erect a perpendicular at the point B, on 
which fey off 617 leagues from B to C, and theii 
make an anglcat C of 50 degrees -, how many 
leagues (he lines A C and A B ? and how many 
degrees the angles at A and at B ? 

IV. After making a right angle at.B, make B A 
735 feet, and AC 1^60 feet. Then required the 
angles at A and at C, and the length of the line B C P 

V. Make a right ^gle at B, as in the preceding, 
theh make B C 61 7 feet, and C A 960 feet, requi- 
red the oblique angles » and the line A B ? 

VI. Make a right angle at B as before, make 
B A 735, and B C 617 feet required tl^linc A C, 
and tlw angles at A and at C ? 

In the refolutioa of thefe queftions, it is plain a 
right angled triangle has been conllrufied in each v 
the angle at B being always 90 de^ees ; the angles 
at A and C both together have likewife made 90 
deg. the angle at C, as was before obferved, is the 
complement of that at A ; the line A C the hypo- 
thenufe ; A B the perpendicular ; and B C the bafc. 
We Iliall find when we come to trigonometry, that 
thefe queftions contam all the varieties of right an- 
gled triangles. 

VII. Let the radius of a circle be 960 feet -, how 
many feet the chord of 40 deg. of that circle ? 

VIII. Let the radius of a circle be 735 feet,-and 
a chord in that circle 503, how many degrees the 
arch ? 

PROBLEM IX. 

To divide a ftrait line, A B, into any number 
of equal parts, fuppofe 10, 100, qr idoo. Plate 
II. Pig. 2. 

I. Divide any line CD into ten equal parts, by 
a good fcale of equal parts, or affumc any quan- 
tity for one. of tlwfe pans ; and fct it off ten times 
from C to D. 
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2. Make CD the fide of an equilateral triangle, 
F C D i and the lines F A and F B equal to A B ; 
lb the lines FD and FC muft be produced, when 
CD happens to be Ihoiter tlmn AB, which is the 
line to be divided. 

3. Draw lines from the point F, through the 
fevenil divifions of the Hne C D, which produced 
wiJl divide die line AB into ten equal parts. A-" 
gain, to divide it into lOO equal parts, each qf thefc 
mutl be fubdivided into ten. equal parts 1 cherefure 
take A x, which is the tenth part of die line A B, 
and fet it from F, to R, and T i then draw the line 
R T, which will be equal to Ax, and vdll be di- 
vided into ten equal paps, by the lines already 
drawn from F-, for the triangles FRi, F C X, 
and F A j: are fimilar ; therefore FC : C 2 : ; F A : 
A:t,butCz is the tenth partofFC orC D i therefore 
A X mull: be the tenth part of F ;\ or A B, and R 1 the 
tenth part of R T = A*, fo fhall R i be die hun- 
dredth part of the line A B -, and if this could ad- 
mit of being divided into ten equal parts, the 
line AB would be divided into 1000 equal parts i 
but here the divifions would be too fmall.we mult 
therefore have recoiirfe to the following method : 

1. Draw the lines A B, and CD, parallel to 
one another, and the lines A C, and B IX 
perpendicular to them. 

2. Divide each of thefc four lines into ten 
equal parts ; by die preceding, and draw the 
parallels and diagonals as in the figure. Plate 
II. Fig. 3. 

Now in the triangle A C F are nine lines pa- 
rallel to the bafe, which will conftitute ten fimilap 
triangles ; the liril bafe will be one tenth, the fe- 
tond bafe two tenths, ffff. of the bafe CF : thefeare 
taUed diagonals, by which oi:\c inch,' half, 01 a quarter 

of 
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of an inch, may be divided into 100 equal pam 
as thofe upon the plan fcales. PI. II. Fi^. 3. 

It may not be improper here to remark, that as 
by <Mie line of chords any circle may be divided j lo 
Jikewife by one good fcale of equal parts, any 
firait line may be divided into any propofed number 
of equal parts, or into unequal parts, which fhal! 
be in a given proportion to one another i as for in- 
ftance, if it were required to divide the line A B 
into five unequal parts, which Jhall have the fame 
proportion to one another as the following numbers. 

2. 5' 7» 9> 4- Pi^te II. Fig. 5. 

To do this, draw the line C D, which make 27 
by any fcale of equal parts, and lay off the feverd 
parts as in the figure ; then make C D the bafe of 
an equilateral triangle F C D, and make F E and 
F G equal to A B, fo fhall E G likewife be equal 
to A B, and lines drawn from F to the feveral di- 
vifions of the line C D, will divide the line E G 
into the fame number of parts and^ in the fame pro- 
portion with thofe of the line C D. 

We may likewife, by a good fcale of equal parts, 
Hieafure the feveral parts of any ftrait line, provi- 
ded the length of the whole line be known -, as if 
it were required to find how many equal pans are 
c6ntained betwixt the figure 1, and the figures 2, 

3, 4, i^c. of the line of number* on Gunter*s fcales, 
the whole line from i to i being looo. To per- 
form this, Plate II. F(g. 4, 

I. Take the whole line in the oompafies, with 
which from the center A defcribe an arch. 

3i Take loooo off the half-inch diagonal fcale, 
which lay on the arch frbm B to C, and draw the 
lines AB and AC. 

3. Set off the feveral divifions of the line of 
numbers from the point A, on the lines AB and 
A C i the ^gure i being at the point A , the dif^ 
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lances betwixt the feveral figures on the line A B, 
and the fame figures on the line AC, meafured on 
the half-inch Icale, will be the number of equal 
parts contained betwixt thofe figures and i at thd 
beginning of the line : and upon examination will 
be found to be the loga.nthtn& of thofe numbers. 
Fiatell Fis-^. 

It is on the fame principles the Sector is con- 
ftru<fled, which performs thefe and feveral other 
ufefiil operations very expeditioufty. 
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Of Sine.u TaHgenls, and Secants. J 

Definitions. ^ 

1. The right fine of an arch is a perpendicular 
Jet fall from one end of the arch to the radius or 
diameter drawn thro' the other end of it ; AD is 
the right fine of the arch AB, and is always half 
tlie chord of double the arch ; for making E N 
tqual to E A, it is evident the fiiie AF is half the 
chord NA. PllL Fig. 6. 

2. The CO- fine, or fine complement of an arch, 
is equal to that part of the radius intercepted be- 
twixt the right fine and the center •, C D is tqiial 
^o F A the fine of the arch E A, the complement 
cf the arch A B *, and the verfcd fine of an arch is 
that part of the radius intercepted betwixt the right 
fine and the circumference ; 13 B is the verfed fine 
of the arch ABi fothe co-fine and verfed fine both 
together make the radius. 

3- A Tangent to a circle, is a ftrait line f^ii drawn 
as to touch a circle only in one point, and if to this 
point be drawn a radius, it will be perpendicular 
thereto* bccaufe it is the Jhorteft that can be drawn 
from the center to the circumference ; fo B M is a 
tangent to thecirde in the point B. Pi. II. Fig- 6. 

The 
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The tangent of any arch, as of A B, is that part 
of the line B M, intercepted betwixt the point B, 
at one end of the. arch, and the point H, where a 
liiie drawn from the center, thro' the point A at 
the other end of the arch, meets the line B M j fo 
B H is the tangent of the arch A B, and E G the 
co-tangcnc, or tangent complement, that is the can- 
gent of the arch E A. f'iatelL Fig. 6. 

4. The fecant of an arch, as of AB, is a line 
drawn from the center, thro' A at one end of die 
arch, and produced till it meet a perpendicular e- 
refted from B at the other end of the arch j fo C H 
is the fecant of tlie arch AB, and CG the co- 
lecant or fecant-Compkment of the fame arch. Fig. 6. 

The fme, tangent, and fecant of an arch, are the 
iamewiththofeofthe fupplemenc^ forbeing drawn 
according to the precwling definitions, the fame 
lines will refult. 

Inferences from thcfe DsfinUions. 

I. The fine of 90 degrees is equal to the radiusi 
for it is half the diameter or chord of 180 degrees-, 
the fine of 30 degrees is half the radius -, or which 
is the fanne thing, half the chord of 60 degrees. 

2- The tangent of 45 degrees is equal, to the 
radius ; for let the arch K S be equal to the arch 
S E, they will be 45 degrees each -, R K is the 
tangent of the arch S K, and is parallel and equal 
to EC the radius i but the radius cannot be equal 
to any fecant. Plate II. Fig. 6. 

■^. The radius, fme, and co-fine of any arch con- 
ftitute a right angled triangle. In the triangle 
A CD, right angled at D, the radius CA is the 
Ijypothenufe, the fine A D is tlie perpendicular, and 
the line complement C D is the bafe. The radius, 
tangent, and fecant of any arch do alfo make a 
rigtit angled triangle. In die. triangle CB H right 
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angled at B, the radius C B is the baff, the tan- 
[ gcni: BH the perpendicuUr, and the fecant CH 
I tjie hypotheniife. Plats II- Fig- 6. 

4- The length of the fines, tangents, and fe- 

cants of any arch, cannot be determined, till the 

IJength of the radius be fixed, even tho' the niim- 

"bcc of degrees contained in the arch be known -, but 

having the length of the radius given, fuppofe C B, 

I'lhen the fines, tangents, and fecants to every de- 

[ gree, and even to every minute, may be drawn, and 

iiheir lengths meafiired ; in the figure it is done 

B every ten degrees, which is fufficienc for our pur- 

poie, where it is evident, the tangents and fecants 

of the degrees of the quadrant of the fmall circle, 

are juft half the tangents and fecatic$ of thofe of 

die great circle, the radius of the one being double 

1 that of the other ; and it is by this means that the 

lines on die plain fcale are conftruded ; firft 

actually drawing them to the fevcml divifions of the 

arch, and tlien transferring them from thence to the 

tcale, where there is aline uf equal ]'>ai-cs adapted to the 

die radius, which contains jooo ot'thefe equal parts. 

Now when the feveral fines, tangents, nnd fecants 

, are meafured en this fcale, we may make a cable 

by which the fines, tangents, and Iccants of every 

degree may be found by Inrpcction to a radius of 

. looo equal parts. Plats ill. Ft^. i md 2. 

\ Having thus explained the coniiru-flinn of the 

ffines, tangents, and fecants, we come now to Ihew 

that all the varieties of right angled triangles may 

by them be foived. 

It was before obferved, that the fides of a right 
.angled triangle were diftingiiifhed by different 
'iiamea, ^/'s. hypothenufe, bafe, and perpendicular; 
thefe we fhall call ihcir proper names. It is alfo 
evident they may likewife be confidered as fines, 
tangents, or fecants., of the arches that mcafure the 
obJigoE angles. Hence 
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Hence the whole bufinera of Irigonometry con' 
fifts in finding fines, tangents, or fecants-, whether 
the quantity of the arch, and th<? length of the ra- 
diusj or the length of the fine, tangent, or frcant 

the arch be known ; or if thele be Itnown, to 
find the quantity of the arch : and although all the 
Varieties may be reduced to two cafes, vtz. one fide 
and the angles given, or two fides and one angle giv- 
en to find the reft, ycc as they are intended to be 
applied to navigation, we Ihall divide them into 
Ex different cafes as ufual, and ilkiilrate the whole 
by an example in each cafe, whereby it will be 
very pkijij diat In finding fines, tangents, or fe- 
cants, to any given arch we make a right angled 
triangle, as in the following examples. 

Case J. Givm the radius A C of 960 feet, rc- 
Tjuired the i1ne and co-fine of an arch, of 40 
degrees, or which is the fame tiling. In the right 
iinglcd triangle ABC given the hypothenufe A C 
jp6o feet, and the angle at A 40 degrees, required 
A Bthe perpendicular, and B C the bale ? 

1. Draw a line parallel to the margin, and make 
an angle of 40 degrees at the point A, by a line of 
chords 1 (as in Prob. 8.) on which lay off" g6o by a 
fcale of equal parts from A to C. Flaie IJ. Fig- 7. 

2. Let fall a perpendicular from C, to cut the line 
parallel to the margitOS ; fo (hall A B (the fine 
complement of the angle at A,) be the perpendicu- 
lar, and B C, fthe fine of the angle at A,i the bafc. 

Case II. Given the r.idius A B, j^^jfeet; requi- 
red the tangent and fccant of an arch of 40 de- 
grees ? Or which is the fame thing, in the triangle 
ABC, given the perpendicular A B 735 teet, and 
the angle at A 40 degrees, required the hypothe- 
niifcand bafc? Pi. II. fig^ 7. 

J. M^e Che given angle at A as before, and lay 
off 73^, irom A toB, 

G a. Ete£t, 



42 



Of Sines., 'Tan^ents^ and Secants. Chap. I[. 

2. Erefl: a perpendicular at B, to interfe6tthe line 



B^^^at A, J bcthe bate; and A C(the recant,)the hypo- 
^^_ dienufc:. 

^■^ Case III. Given the fadiiisB C, 617 feet-, rcqiii- 
^^^Kred th€ tangenc complemt^nt, and fccanc comple- 
^^^^H'jhent of an arch of 40 degrees ? or, which is the 
l^^^^pfame thing, given the bafe B C, 617 feet, and the 
^^^^Bsnglc at A, oppoGtc thereto, required the hypothe- 
^^^^■ihufe and perpendicular ? PL \\. Fig. 7. 
^^^^B' I. Efefl a perpendicular at B, on which Jay ofiT 
^^^^^ 61 7, from B to C. 

I^H 2. Make an angle at C, of 50 degrees, fthat is 

^H the complement of the given angle) then will AC 
(the fecant complement of the angle at A) be the 
hypothenufe, and A B (the tangtnt complement,) 
the perpendiciTlar. 

Case IV. Given the radius, A C, 960, and the 
co-fine of an arch, A B, 735 feet i required the quan- 
tity of the arch, and the fine thereof ? Or, which is 
the fame thing, given the hypothenufe A C, 960, 
and the perpendicular A B, 735 feet, required the 
angles and bafe ? PL II. Fig^ 7. 

1. El'cfl a perpendicular at B, and lay off 735 
from B to A. 

rj. Take 960, the g^ven radius, with a pair of 
compafles, and one foot in A, with the other 
cut the bafe in C, fo the angles may be meafured 
by a line of chords, and the bafe by a line of equal 
parts. 
Case V. Given clie radius AC, 96ofeet» and BC, 
the fine of anarch, 6171 required the quantity of 
tilt; arch, and co-fine thereof ? Or, which is die 
lame thing, given the hypothenufe A C, 960, and 
the bale, B C, 617; required the angles, and perpcn- 
dicuiar " ' 
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precedi 
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Only, laying off 617 from B to C, and then taking 
- - 960 
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96ofeetinthe compaffes, and one foot in C, witii 
the other cut the perpendicular in A ; fo the angles 
and perpendicular may be meafured. Plale II. Fig. y. 
Case VI. Given the radius A B, 735 feet, and 
tangent B C 61 7 ; required the quantity of rhe arch ? 
Or, which is the fame thing, given the perpendi- 
cular A B, 735 feet, and the bafe B C, 6 1 7, required 
the angles, and hypothenufe? PL II. Fig. 7. 
p Make a right angle at B, lay off y^g feet from 
B to A, and 617 from B to C, and draw the line 
A C, which conftru£ts the triangle j {q the unknown 
parts may be meafured. 
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CHAP. III. 
SECT. I. trigonometry Arithmetically, 
.0 make a table of natural fines, tangents and 



fecants, and thereby to folve all the varie- 
ties of right angled triangles. 

We have, in the preceding chapter, ihewn how 
the foludons to all the cafes of right angled trian- 
gles may be obtained geometrically, but as tliis 
would be too tedious for practice, we ftiall here 
Ihcw how they may be very expeditiouQy done by 
the rule of three. 

It is eafy to obferve, that, in the conftruflion of 
ail the preceding triangles, though the radius of a 
circle be given, that is not fufficient, to obtain the 
unknownparts, for we muft always have t!ic radius of 
another circle given, before wc can conflrud the 
triangle, vi%. the chord of 60 degrees, and we alfo 
have, in the fcheme for contlrudling the fines, tan- 
gents, and fecants, a triangle fimilar to that in quel ■ 
tion i fo that in effedl we only make a triangle fimi- 
lar to a given one, and when the triangle is con- 

f]r,ift-d. 
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ftrnftf d, the unknown parts may be meafuned \ now 
ffl! this may bedone without conftmfling the triangle. 
In order to perforin (his, we muft make a table 
where the fmes, tangents, and fecant5 of every 
degree and minnce of the quadrant may be had by 
inlpeftion. This has been performed with great: 
accuracy^ by feveral eminent matliemaucians to a 
radius of loooooo equal parts; but as in this trea- 
tife we do not explain the manner of extrac^ng the 
fquare root, wc Ihall omit the calculations, and fatis- 
fy ourfelves with meafuring the fevtral fines, -tan- 
gentSj and fccants that have been geometrically con- 
Itrufted, and coUeding them as in the following 
table. 

4 UMe cf natural SINES, TANGENT. 

and SECANTS. 



"=K. 1 


S'lRSf. 1 1 


T^g- 1 


Sica.. 1 1 


85 


5 1 


871 1 t)g62 1 


87,- j |.43n 


100J3 t 11473 I 


■ o 1 


1731'^ 1 9M 1 


1763 1^671} 


10154! 57;SS 1 


8a 


'I 1 


ZSS« 1 9659 1 


2679 t 37310 


lo^j^ 1 38t'57 


71 


20 1 


j*20 1 9107 1 


;6l9 1 37-17^ 1 


Io''4J 1 Z02 '.3 1 


70 


£■' 1 


atit> 1 9.(13 1 


4.fc*Ji 1 ii44.s 1 


1 ii.'3^ i :3&6i 1 


tK; 


3'^ 1 


50;O 1 &LhC 1 


W71 1 ■M^':-! 


J 1 1; 4.7 1 it'->c.o ( 


t)0 


35 \ 


5735 1 Kjg. 1 


yoni 1 iji.-'i 1 


i:!loK 1 I7JH4 j 


!'; 


do 1 


f?H7.3 1 7D6-' 1 


8390 1 1 it)ij J 


1301:4. 1 lim- 1 


4a 


*; ] 


7»7i 1 7-7' 1 


IO.jCO I ICOOO 


J414.a 1 14'4-s 1 


45; 


\ 


1 Sines, 


1 Ting. 


1 Se,a. 1 


i*cg 



This table gives, by infpeftion, the fines, tan- 
gents, and fecantB, of every fifth degree of the qua- 
drant of a circle whofe radius is loooo. And be- 
caufe it was before proved, that as the radius ofa- 
ny circle, is to the fines, tangents, and fecanis of 
the degrees of the fame circle, fa is the radius of 

JWJF 




oUier circle, w chc (inesj tangents, and fecanis, 
of die degrees oi' this hft circle. Hence it is evi- 
deni that if Uic ratiius of any circle be known, the 
fine, tangent^ and fecant of any arch in that circle 
may be found by the rule of tlircc -, or if the radi- 
us, and the fine, tangent, or fecant, be known, we 
m.iy, by the fame rule» find the quantity of the 
arch. Tlie various foUitions may be obtained by 
the two following gertf.Tal proportions. 

Cafe L The radius and arch given to find the 
fine, tangent> or fecant thereof, or, which is the 
fdme diiiig, one fide and the angles, given to find 
le otlier two lides. 
As the tabular radius loooo 
Is to the ubular fine, tangent, or fecant of any arch 
So is the radius of any circle, or the given fide 
jf a triangle 
To the required fine, tangent, or fccant ; or to 
je required fide. 

Cafe 11. The radius, and fine, or tangent, or fe- 
pnt of an unknown arch being given, to find the 
iuatidty of the arch? This is the lame, as if two 
of a right angled mangle were given, to find 
le angles. The proportion i^ 
As the giren radius, or one of the given fides. 
Is, to the given fine, or tangent, or fecant, or to the 
jther given fide. 
So is the tabular radius 
To a fine, tangent, or fecant in the tabic, 
'bis laft number, which is the refult of the operati- 
on, mult be looked for in its proper column, in the 
tJiliU*, and the degrees correfponding thereto, will 
the quantity of the arch, or angle required. For, 
It muft be obferved, when an angle is required, 
do not work for the angle itfeJf, but for the fine, 

if^ent, or fecant of it. 

Tlie 



The following Examples will fufficicntly illuftrate 
,*rluE has been faid on this htad, "which, ic is pre- 
sumed, may be performed, either, by multiplication 
fand divifion, or by the logaritlims, without any 
[further dired:ions, than thofe already delivered in 
\c rule of three, and in the operations the very 
[lame figures will be foundj as In fome of theexam- 
pUs of that rule. 

Cafe I. Given the radius or hypothenufe 960,' 
and arch 40 degrees, required the fine and co-fine 
ihereof ? Or, which is the fame thing, the bafe and 
perpendicular ? 

Logarithms. 
As lOooo the tabular radius 4.00000 

Is to 6428, ^he co-fine of 40 degrees, 3.80807 

So is AC, q6o, the eiven radius or? _ 

hypothenufe ■ _ J ^g^^^? 

To B C 617 I the required fineorbafe 2.79034 

Operation. 6428x960=6170680, the logarithm 
of which is (the fum of the logarithm of the fecond 
and third termsj 6.79034. 

As tlie index is 6, the natural mimbcr correfpond- 
ing thereto, will confifl: nt ftvtrn figures, and there- 
fore cannot be found in the table, but there will be 
no occafion for finding this naniral number, be- 
caufe what[;ver it is, it muft be divided by the firft 
term, the quotient will then be 617.06X0^ and 
when the logarithm of the firft term is fubtrafted 
from the fum of the logarithms of the fccond and 
third terms, we fhall have 2.7go'54 the logarithm 
of 6i;*.o68o, nearly 617.1 and this may be had 
in the table, becaufe the index is 2 i fo there muft 
be but three figures of integers in the natural num- 
ber, and the fourth figure will be a decimal. 

Cafe II Given the radius, or perpendicuUr A B, 

735 
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735 feet, required the tangent at^ fecanc of 40 de- 
grees, or the hypothenufe and bj,fe ? 

Cafe III. Given B C, 617 feet, the radius, or bafc 
of the triangle, required the tangent complement, 
and fccant complement, of an angle of 40 degrees, 
or the perpendicular and hypothenufe ? 

Cafe IV. Given A C, 960 feet, the radius or hy- 
pothenufe, and A B, 735 feet, the fine complement, 
pr perpendicular j required the angle and fine there- 
of or bafe ? 

Cale V. Given A C, 960 feet, the radius or hy- 
pothenufe, and B C, 61 7, the fine of an arch, or the 
bafe i required the quantity of the arch, or angle, 
and the fine complement thereof ? 

Cafe VI. Given B A, 735, the radius, or perpen- 
dicular, and BC 6iy^ die tangent of an arch or 
the bafe ; required the quantity of the arch, or an- 
gle, and fecant thereof ? 

As thefe examples have been already done ^o- 
metrically in the preceding chapter, it will be found 
when they are done arithmetically, by the fame me- 
thod the firft example is done by, we Ihall find the 
refult agree with the former operations. 

SECT. II. Of placing the three given Terms in 
proper Order ; and where they a*-e to befciind. 

In the preceding fedlions we have fuppofecl the 
given fide to be the radius of a circle j but the (0- 
lutions may be obtained by making the given fide 
a fine, tangent, or fecant. 

The proper names of the fides of the triangle 
are hypothenufe, perpendicular, and bafe ; but as 
they may be coolidercd as fines, tangents, or fe- 
cants of the arches that meafure the oblique angles, 
they will thereby acquire another name, which we 
ihall call their fur-name. Now, as any fide of the 
triangle may be made the radius of the arcli that 

mecifurcs 



^8 Of ptarin^ ttre three gtv^ T&mr. Chap. Ilf.' 

tneaiores the oblique angles, this will occa- 
fion their fur-names to vary according to the fide 

jBfude radius, for, if the hypothenufe be made radi- 
us, as in Cafe I, the bale wil! be the fine, and the 
perpendicular the fine complement of the angle. 
If the perpendicular be radius, as inCaie II, chehy- 
pothenufe will be the fecant, and. the bafc the tan- 

Igetit of the angle. If the bafe be made radius, as 
in Cafe IJI, the hypothenufe will be the fecant com- 

I plemenr, and the bafe the tangent complemeni of 

trfie angle. Netty By the angle is underftood that 

[cppofitc to the bafcj denoted by A, and that at Cj 
oppofitc to the perpendicular, is called the comple- 
ment angle. Before we come to (hew how to 
phce the given terms* it will be proper to make 
the two following remarks, which will enable U9 
to difcover where the given things are to be found. 
Rem. I. When the operation is for a fide, there 

■ is only one of the given things in the triangle* 
which may be, indiffcrcntiv* ^Jier the fecond of 

F .third term i but we (hall always make it the third 
term, and fo the two firft terms will be in the 
table of artiScial fines, (^c. and the two laft ia 
thelogariclims. 

Rem. 1. When the operation is for an angle, 
there are two of the given things in the triangle, 
Tiz. the two given fides i their logarithms, muft 
be the firft two terms. The third term is the ra- 

' <3iu£ in the table, whofe logarithm is, in the table 

" of artificials, lo-oooooo, and when the logarithm 

of the fourth term is found by an operation, wc 

mud look for it in the table of artificials* in its 

- proper column, the degrees correfponding to which 
is the quantity of the required angle. 

Hence it is obvious that the lirft thing to be 

I done before wc can ftate the terms of the propor- 

' tion, is, to chufe one of the fides for th« radius, 

tUa 
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riiis will determine the fur- names of the other two 
fi<ies '; fo that when a fide is required every cafe 
win admit of three^ and when an angle is requi- 
red, every c^ will admit of two different operati- 
ons. 

When a fide is required, the firft term muft al- 
ways be the fur-name of the given fide 5 the fc- 
cond term the fur-name of the required fide i the 
third term the proper name of the given fide j fo 
ihall the fourth term be the proper name of the re- 
quired fide i from whence we have the following 
general proportion. 

As the fur-name of the ^ven fide ~\ 

Is tothefur-nameof the required \ ^tr^'ifiS 
fide J 

So istheproper name of the given "J 

fide ( thefe to be feun4 

To the proper name of the re- f '"theiogarithmi. 
quired fide. J 

"When an angle is required, there are always two 
Edes given, and either of them may be made the ra- 
dius of the arch that meafures the oblique angles : 
The firft term- will be the proper nameof th:ir giv- 
en' fide which is made radius . the fecond term the 
proper name of the other given fide -, the third 
term will be the fur-name of the firlt term, 
which' will always be radius, and the fourth term, 
the fur-name of the fecond fide ; the proportion is 

As the proper nameof that given fide, made nidius 

Is to the proper name of the other given fide. 

So is the fur-name of the firft term, lAz. radius 

To the fur-name of the fecond term. 

Here the logarithms of the firft t\?o terms muft 
be fought out of the table of logarithms, and when 
the logarithm of the third, joiz. lo.oooooo, taken 
Out of the artificials, is added to that of the fe- 
cond, and the logarithm of the firft, fubtraded from 
H thstc 
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their fum, we Ihall have the logarithm of a fine, 
tangent, or fecant > this mtift be fought out of the 
table of artificials, in its proper column, the degrees 
anfwering to which will be the angle required. 

The different proportions for the folution of all 
the varieties of right angled triangles are cxprefied 
in the following t^le. 

The proportion for the various folutions of the 
fix cafes o£^ right aisled triangles. 

Case i. Given hypothenufe and angle: required 
perpendicular and bafe ? 

f H r R : co-fine :: H : P and R : fine :: H : B 
JJ PjSea:R::H:PandSea:Tang::H:B 
'^ ) B ) Co-fea : R : : H : B and Co-fed .- Co- 
P=^ t t tang : : H : P 

Case 2. Given perpendicular and angle: required 
hypothenufe and Safe ? 

Co-fine : R : : P : H and co-fine : fine : : 

P:B 
R:Sea.::P;HandR:T::P: B 
Co-tang : co-fe£t : ; P ; H and co-tang : 

R::P:B 

Case 3. Given bafe and angle : required hypo- 
thenufe and perpendicular ? 

H ^ Sine : R : : B : H : and fine : cofine : : 




'^\ P-{T: Se£t::B:H,a 
p§ / B/R:co-fea::B: H; 



and T : R : : B : P 

1 and R : co-tana : : 
B:P. ^ 

Case 4. Given hypothenufe and perpendicular : 
required angles and bafe ? 

H.B 



Sect. II. Of Natural and Artificial Sines^ &cc. jt 

co-fine, and R ; fine : : H 
Sea. and R : T ; : P : B 



^ K Hj" H:P::R: co-fine, and R:fine::H:B 
(21 P1P;H::R: 



Cass 5. Given hypothenufe and bafc : required 
angles and perpendicular P 

H r H : B : : R : Sine and R : co-finc : : 



„ rHrH:B::R:Sine g 

■^ 1 BlB:H::R:co-fca. 
" L (. B:P 



andR: co-tang: : 



I1-! 



Case 6. Given bafe and perpendicular: required 
angles and hypothenufe ? 

PrP:B::R;T andR: fed;:?: H 
B : P : : R : co-Eang. and R ; co-fei5t : : 
B:H 

This table contains all the varieties that can hap- 
pen in the folutions of all right angled triangles. 
It will beconvenient, to have the radius in the given 
things, on account of the cyphers \ and it would 
not be amifs to work fome examples all the differ- 
ent ways, and it is prefumed, the fatisfadtion of 
feeing the fame figures to be the refult of the dif- 
ferent operations, would compenfate the labour. 
In practice we (bail have no occafion for the natu- 
ral fines, and therefore they are not in the common 
navigation books, for if we had them we Ihould 
work by their logarithms, and thefe we have in the 
table of artificial fines, tangents, and fecants, they 
being only the l<^arithms of the natural. The fine 
of 5 degrees in the artificials is 8.940296, the 
neareft natural number correfponding to which is 
8716; but as the index is 8, it (hould confift of 
nine figures ; which fhews the radius by which the 
table was made confifted, of eleven figures, and 
whereas the common tables of logarithms go no 
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fofther than four figures in the natural numbers, 
wc took lOQoo for the radius by which Mte made 
our table of natural fines^ tangents, and fecants* 
ionly to every fifth degree, that being fufBaent to 
fhew that the artificials are the logarithms of the 
natural i for if 6 be fubtrafted from the index of 
any artificial fine, tangent, or fecant, we fhall have 
the natural fine, tangent, or fecant, correfponding 
thereto in the table of logarithms ; the index of the 
artificial fine of 5 degrees is 8, from which taking 
6, remains 2.9402964 the nearcft natural number 
correfponding to this is 871.5, which is the natu- 
ral fine of 5 degrees to a radius of 10600 as in the 
table, and ail the other natural fines, tangents, and 
fecants, in the table, upon examination, will be 
found to be only natural numbers, of which the ar- 
tificial fines, tangents, and fecants, are the lo- 
garithms. 

We have, in Se6l. 4, page 1 6, (hewr; how to con* 
. ftruft Gunter's line of numbers, and the manner 
of working any que&ions in the rule of three by 
it, and ftall here fliew how all the cafes in 
trigonometry may be folved by Gunter's lines. If we 
work by the natural fines, tangents, and fecants, 
this is performed in the fame manner as befora 
direfted, by the line of numbers only ; but as the 
artificials are all ufed in the calculations, Mr Guh^ 
tet has likewife conftru6ttd a line of artificial fine$ 
and tangents adapted to the line of numbers, which 
are thelogaririims of the natural. Againft 5 de- 
gpees on the fine of fines, is 871 on the line of 
numbers; agdnft 10 on the line of fines is 17360(1 
the line of numbers, evidently the natural fines cor- 
refponding to thofe degrees, as in the table, and it . 
will be the fame with all the refl. The lines being 
thys conftru^ted, the operations in triangles will be 
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Che tOune as ia die rule of three, and may be fol- 
ved by this general rule. 

1. Place the terms as before dire^d. To {hall the 
fird and fecond be of one naipe, and the third and 
fourth Jikewife of ooe name, though different from 
the two firft term*. 

2. Extend from the 6Ht to the fecond term, up- 
on the line of numbers, when they are fides of 

• the triangle, but, if the firft two terms be fines or 
tangents, we mufi extend on thefe lines, and this 
extent will reach from the third term, to the fourth. 
iV/j/tf, If the firft two are on the line of numbers, the 
pt/ier two will be either on the fines, or tangents, 
and the -contrary. The two following examples 
will fufiiciently iUuftratc what has been faid on this 
head. 

Example J. Hypothenurc96o,'angle 40 degrees, 
,fcquired bafe and perpendicular ? 

In order to make the firft and fecond term of one 
pame, inftead of the radius we fliall take the fine 
pf , 90 degrees, fo it will be fine 90 : fine 40 : : qSq: 
617 bafe i and fine 90 : co-fine 40 : : 960 : 735 the 
perpendicular. The extent upon the line ot fines 
from 90 to 40, will reach on the line of number? 
from 960 to 617, and the extent from 90 to 50, 
(the complement of 40J on the fines, will reach 
from 960, on the line of numbers, to 735. 

Example 2. Bafe 617, perpendicular 755 feet; 
required the angle ? 

7 is • ^*7 : : R : T. Here the firfl; and fecond 
terms are of <?ne name, and to inake the tlurd and 
fourth of one name, inftead of the radius, take 
the tangent of 45, and it will be 735 : 617 : : tan-^ 
gent 45: tangent 40 i or 617: 735 : : tai^ent 45: 
(angen? 50. to bwh thefc prQpwtions, the extent 

from 
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from the Hrft to the fccond, on the line of numbers, 
will be the fame, and of confequence, when laid off 
on tht: line ot" tangents, ic will reach, in both cafes, 
from 45 to the fame point in that Une. 

The line of tangents on the I'cale is numbered 
from 1 to 45, which is equal to the radius, and 
the tangents above 45 are on tJiis line in the fame 
points with their coinplements j that is, the tangcnc 
of 46 is in the fame point wich that of 44 ; the 
tangent of 40 snd 50 are jn the fame point ; by 
this means every point in the line of tangents will 
ftand for che tangenc and co-tangent ot any arch or 
angle ; aind, in order to know which of the two is 
that which is required, obferve whether the firft or 
fecond term be greatelt ; for, if the fecond be t[ie 
greateft, the fourth term will be greater cliari; tiie 
third, and therefore more than 45 -, but^ if the fe- 
cond term be 3cfs than the firit, the fourth term 
will bckfs than 45 decrees, as in the preceding ex- 
artiplc. When 617 is the lecond term, the fourth 
will be 40, the tangent of the angle ; 
7_35 is the fecond term, the fourth will 
tangent complement of the angle. 

If there be a fccant in the proportion, 
cannot be had by thcfe lines, bccatife no 
the radius of the fame circle can be of equal length i 
for the radius lies betwixt the center and circumfe- 
rence, whereas the fecant muil: be produced beyond 
the circumference. 

Having now explained all the various ways of 
folving right angled triangles, viz. geometrically, 
arithmeticaSly, and by Culler's lines, wc have fo 
far executed the firft part of the plan.. Ncverthe- 
lefs it will not be amifs^o recapitulate the I'ub- 
ftance of what has been faid on the whole. 

I. In the rule of three there are four numbers 
concerned, only two of which are in the triangle 1 
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for it is a great miftake to im^tne, becaufe in e- 
very cafe there are' always three parts, independant 
of one another, of the triangle known, that thefc 
are the terms of the proportion, no, it is evident, 
by all the preceding operations, that we have in 
conftrufting the fines, S^c. formed a triangle fimi- 
liar to that in queftion, of which we have all the 
parts, fo that in effect it is only making a triangle 
fimilar to a ^ven one. {See Tbeo. 6, Chap. 2 j and 
Se^. II Cbap. III. 

2* As the whole of trigonometry confifts in mea- 
furing the fides and angles of triangles ; before this 
can be performed we muft actually divide the cir- 
cumference into degrees, and even into minutes, 
and from thence conftruft a line of chords to make 
or meafure angles ; we muft Ukewife make a fcale 
of equal parts to meafure the fides, (fee Prob. 8 and 
9) by thefe two lines the geometrical folutions are 
performed, and in order to do the fame arithmeti- 
cally we niuft prove 

3. That all the angles of any triangle make 180 
degrees, that the radius of any circle is equal to 
the choi-d of 60 degrees of the fame circle, (See 
Theo. V. /»/. I and 4, and that as the radius of any 
circle is to the chords of the degrees of that circle, 
fo is the radius of any other circle to the chords of 
the degrees of this laft circle, (See'Theo. VI. Inf. i. 
We muft likewife explain the fines, tangents, and 
fecants, and that in different circles they are in 
proportion to their radiufles, and that the fides of 
a right angled triangle may be confidered as fines, 
tangents, and fecants, and a table of natural fines, 
tangents, and fecants calculated, before the foluti- 
ons can be obtdned arithmetically. (See Seit. iV. 
Chap. II. • 

4. To prevent the tedious operations by multi- 
plication and divifion, the nature and ufe of the 
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logarithms mnft be explained, (Set Seff. 3, Chap, 
I, alfo the conltniiftfon and ufe of Canier's lines. 
(5m 5?^;?. 4, page 1 6.) 

We fhall add one example more in each cafe, and 
to Ihew that navigation is performed by right an- 
gled triangles, we fhall make ufe of the fame ex- 
amples when we come to plain failing, only giving 
the fides different names. 

Cafe 1- Hypothcnufe 180 miles, anglt 70'' ig', 
required perpendicular and bafe? 

Cafe 2. Perpendicular 200 milcsj angle ^^° 45', 
fequired perpendicular and bafe ? 

Cafe 3. Bafe 60 miles, angle 11° 15') required 
hypothenufe and perpend iailar. 

Cafe 4. Hypothenufc i8o> perpendicular 61 
miles, required angles and bafe ? 

Cafe 5. Hypothenufc 240, bale 1^3, required an- 
gles and perpendicular? 

Cafe 6. Perpendicular 302, bafe 60, required 
angles and hypothenufc ? 

To render trigonometry fiibfcrvicnt to naviga- 
tion, the pofirions of pkccs, and their diftanccs 
from one another mud be determined, which is the 
bufinefs of geography, the principles of which arc 
! next to be confidered. 



CHAP. rv. 



0/ GEOGRAPHY. 

IT haa been found by experience that our earth 
is not a flat extended plane % this the mariner 
can raake no doubt of, for when he is at fea, oaC 
ui fight of land, lie finds himfclf in tlie center of a 

circle 
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cHrdci irt the citcumference of which the fea and Iky 
feem to unite the heavens, at the fame time, form- 
ing a concavt fphere over his head. Now, fuppofe 
he fees any object, fuch as a (hip, or fmall iflandt 
juft appearing out of the water, and fail direA!y 
to it, he will find himfelf when he arrives at that 
place-, the fame diftance ffom the circle that termi- 
nates his fighti as before ; and hkewife furrounded 
by a coflcavfi fphere over his head, aU the parts of 
Vrhich will be at the fame diftance as before, which 
could not poliibly .be^ if the earth and fea together' 
did not form 4 body of a globular forin. This is 
what they call the tereftrlal or teraqueous globe, and 
in order to give us an idea of the pofition of pla- 
cesi they.chufe to lay them down upon an artifici- 
al globe, made to reprefent the real one in which 
■#6 live. 

They lifcewifc have made another to reprefent 
the heavens^ which they call the cceleftial globe, for 
though they fwm a concave fphere, yet they have 
delineated all the conftellations, and principal ftars, 
Upon the convex liiperficies of this globe, in fuch a 
manner^ that» if It were tranfparent, and the earth in 
the center, to an inhabitant on the earth, they, would 
all appear as they adually do af^ie heavens. 

SECT. I. Geographical Dejinitier.s. 

pif. I. A globe, or fphere, is a folid body, 
•(which has a point within it equally diftant from all 
Jjarts cf the circumference ; it may be formed by 
the revolution of a femi-circle round its diameter, 
fuppoling the diameter wholly immoveable. 

2. The axis of xhe globe is the line paffing 
through .the center, rpijnd which the .artificial globe 
is turned : The earth Hkewife is fuppofed to move 
round an imaginary axis, which occafions the diur- 
nal revolution of the fun and ftvs. 

1 v'^'^^ 
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3. The poles are two points in the furface of _ 
ttie globe, througli which the axis is fuppofed tc 
pafs J and if the earth's axis were prodiTced bocK-^ 
ways to the heavens, it would pafs through both 
the coeleftial poles^ round which the heavens^ 
with the fun, moon, and ftars, feemtj move in 24 
hours ; one of thcfe is called the. north or ari^lick ;. 
the other, the fouth or antarctick pole. There is a. 
itar in the heavens near the north pole, which, fccm- 
ingSy, has little or no motion,, and called the north, 
or pole ftaf. 

4k Meridians ate great circles interre£Hng one a- 
nothef in both poles. iVo/e, Great circles are fuch 
as divide the globe, and of confequence each other, 
into two equal parts. 

5. The equator, or equino6l:ial, by marirters cal- 
Fed the line, is a great circle equally diftant froni 
both poles, aiut dicrefore bilefts all the meridians at 
fight angles. 

6. The ecliptick is a great circle in the heavens 
cutting the equinodial in an angle of 23" 29'. 
The fun is always in this circle, in which he appears 
to us to make an entire revolution injone year, this 
is, what is called the fun's annual motion ; and 
whereas the iKavens fecm to revolve round us once 
in 24 hours, the fun feemsby that motion to de- 
fcribe a circle in the heavens every dav, which is 
caHcd the fun's diurnal modon. 

7. Parallel circles, are fmall or leflcr circles, which 
tViviJe the globe into two unequal parts, thofe that 
are drawn upon the globe ate parallel to the equa- 
tor, and are caltiid parallels of latitude on the ter- 
reflrial, but parallels o£ declination on the coeleftial 
globe. 

Thefc are all the circlcswhich areai5tually dra^n 
upon the globes, but there are other imaginary 
ones, which* chough they cannot be adtually drawn, 

becaufc 
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^becaqfe they vary as the obfervcr changes his fiiu- 
ation ; yec they may btr reprefejited by the wooden 
firame, and other apurcenances. 

8. The horizon is that circle in the heavens 
■which terminates our fight j as^ fuppofing the ob- 
fervcr at fca, he always finds hjnifclf in the center 
-of a circle, the ■fca and Iky ieeming to unite at the 
utmoft vifible extent of his fight. This is reprc- 
fenied by the wooden frame. 

g. The zenith, is that point in the heavens right 
over the obfcrver^s head ; and that point in the hea- 
vens right oppofi-fe to it, is called the nadir: If a 
line were drawn from the zenith to the nadir it 
would pafs through the ceriter of the eanh perpen- 
dicular to the horizon, and likewife pafs through 
the center of the horizon ; fo the zenith and nadir 
are exaftly go degrees fromcvery point in the pe- 
riphery of the horizon, this is called the rational 
horizon, and divides the earth Into two equal parts, 
called the upper and the lower hemifpheres ; The 
horizon feen by us is the fenfible or vifible, and Is 
always parallel to the rational, the femi-diameter 
of the earth being the diftance betwixt them. 

10. Azimuths arc great circles pafling throng 
the zenith and nadir, and theretore perpendicular 
to the horizon, they, together with the horizon, 
zenith, and nadir, alter their pofrtion according to 
the fituation of the obferver, and are, inrefpedtio 
the horizon, what meridians are to the equator, for 
if the poles be in the zenith and nadir, the equator 
will become the horizon, and all the meridians azi- 
muths. The nieridian of the place is an azimuth 
circle cutting the horizon in the north and Ibiith 
points, and the azimuth circle, which cuts the ho- 
pJEOQ in the call and weft points, is called the piime 
Terttcal. 

11, Almic^nters are leffer circles parallel to the 
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I horizon, they are likewife called parallels of alri- 

Ltude. 

L 12. Latitude of a place is its diftancc from the 

Icquator nieafurtdon an arch of the meridian ; it is 

|f either fomh or north, as it lica to the fouthward. or 

northward of the equator. 
w. 13. Longitude of a place, is the diftance betwixt 
p-the firlt meridian, and the meridian of the place 
meaftired on the equator. In order to determine 
■ .the latkude and longitude of places, one of the 
Lineridians is graduattrd both ways from the equar 
Ktor to eacii pole» this is called the fjrft meridian j it 
rJhas no longitude, beciiufe the longitude is counted 
ijrom it -, there are parallels of latitude drawn thro' 
|,every tenth degree of it, on both fides of the equa- 
l tor. The equator is divided into 360 degrees, and 
Pineridians drawn through every tenth degree of it 1 
fsnd though diiTc be no more a«5lualiy drj.u'n upon 
I the globe, we may fuppofe a meridian and a parallel 
l^lrawn through tny paint on its furfacc, and thpfc 
are fupplied by the brazen meridian in which the 
globe turns ; now the latitudes are always meafu- 
red on the meridian, aqd will be the nearell diftance 
lof any place to the equator, but the longitude of 
I any place is meafured on tho equator, and will nc- 
lycr be thcneareit diftance to the firft meridian, ex- 
cept whfn the place i.^ in the equator. 

14. Difference of latitude is the diftance betwixt 
I the parallels of two places meaJured on the mcriT 

dian. 

15. Difference of longitude is the dirtaiice be- 
EtwixE the nacridiaus of two places meafurcd on thp 
Ifquator. 

F 16. Departure of any pjace from any meridian 
is its diftance from that meridian, meafured on the 
parallel of latitude of the place, which will be 
^^ays Icfa than the difference, of IgogitLidf if the 

place 
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H|ild:ce has any ladcudc, becaufe this is meafured on 
^^he equator, whereas the departure is meafured on 
the parallel : The departure will indeed contain tlic 
lame number of degrees that the difference of lon- 
gitude does, but the degrees of the departure wiJl 
contain fewer miles than tliofe of the diflference of 
longitude. If there be two places A and B, in dif- 
ferent latitudes and longitudes, the dfrparture be- 
twixt them cannot be exaiflly determined j for fup- 
3ofe A to be in 30 degrees, and B in 40, both of 
ilie fame name. A E the diitance betwixt A and 
le meridian of B, meafured in the parallel of A, will 
greacef than F B, the dillance betwixt B and the 
iieridian of A, meafured in theparallelof B) there- 
fore it is ufual to reckon a h for the departure in 
the parallel of 35 degrees, the middle latitude be- 
Htwixt the two places : Of this more when applied 
Hpo navigation. Plaie IV, Fig. i. 

I y Declinatiori of the fun or a flar. Is its dil- 
jance from the equinoctial meafured on a meridian. 
iS. Tropicks are two fmaller circles drawn pa- 
rallel Co the equator at 23" 29' diftant from ic^ 
they limit the fuii*s coiirfc ; the northermoft is cal- 
led the tropick of Cawer, and the foiithermoft diat 
of Capriccrn. 

xg. Polar circles are 23" 29' diftant from each 
pole, that at the north is called the ardlick, and 
that at the fouth the antarftick. 
^K All the circles on the terrcftrial globe are like- 
mrirc defcribed on the cceleftial, for, though the hea- 
vens' are a concave fphcre, all the circles may be 
duly reprefcnted on a conve?; one, and, if the oh- 
fervcr be fuppofed in the center of the terreftnal, 
and both U and the cceleftial tranfparent, he would 
fee all tiie circles of the terreftnal globe coincide 
with thofe drawn on the convex furface of the car-. > 
]cftial, as was before obfervcd. The meridians 

would 
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.Twould iiitcrfeiil one another in the poles in the hca- 
vens, and the coekftial equiiiodUil would bilTeft all 
thoJ'e meridians at right angles in clie heavens, in 
the fame manner as the equator m the terreftrial in- 
CcrfeiSi the meridians upon it. 

Inference i. The dilUace of the zenith from the 
■equinoctial in tlie heavens mcafured on the meridi- 
an, is the latitude of the place -, for if one line be 
drawji from the center of the earth to the place it- 
felf, and anMher to chat place on the earth's fvir- 
face, where the meridian of the plaoe interfefts the 
equator, the angle formed at the center will be 
encafiired by the arch ot the meridian intercepted 
bctwixc the place and the equator, and if both thefc 
lints be produced to the heavens, the one will ter- 
minate in the zenith, and the other ia the equinoc- 
tial. Now the arch, in the heavens contained be- 
twixt the zenith and equinoi5tial will contain the 
fame number of degrees with that intercepted be- 
twixt the place and the equator, which isa'ftually 
the latitude of the place. 

. z. If the diftance of any cceleltial objea from 
the zenith can be obtained by any inftrnment, and 
tlib the declination of that objc^6, or its dift:ince 
from the equinoftial, we may then find the latitude 
of the place, as Ihall beilluftraced by various exam- 
ples in anotlier place. 

3. The greatcft latitude cannot exceed 90 de~ 
, grecs, and the gi'uteft difi-crcncc of latitude cannot 

exceed 180. 

4, If two places be on the fame fide of the e- 
^uator, but, on different parallels of latitude, their 
difference of latitude wili be iound by fubirafiing 
the one from the other ; but if they be on different 
fides of the equinoilia!, tlieir difference of latitude 
i& the fum of both latitudes added together. 

^. In fAiiing towards the equator we decreafe, 

but 
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but in failing from the equator we incrcafe the iad- 
lude, fo that if the latitude failed from be known* 
fuppofe A, in 50 degrees north, and the differeace 
of latitude be likewiie known, fuppofe' 600 miles, 
that is 10 degTees foucherly, here we are tailing to- 
wards the equator, therefore fubtrading ten de- 
grees, the difftrcnce of latitude from 50 degrees, we 
have 40 degrees the latitude of B ■, but if tlie differ- 
ence of latitude were northerly, it tnuil be added t<> 
50 degrees, which gives 60 degrees the latitude 
come to. When the difference of latitude esccecds 
that faiJed from, it is plain we crofs the equator, 
and come to a contrary latitude, which is fouiul by 
fubtrafting the latitude failed from, out of the dif- 
ference of latitude-, for lit that failed from be 20 
degrees norEh, and the difference of latitude 30 
degrees foutherly» ilie latitude come to would be 
io degrees fouth. 

6. The height of tlie pole above the horizon is 
equal to the latitude of the place, for it is evident- 
ly equal to the diftance of the equator Ironi the ze- 
nith. 

Though the earth is a fphere, and all the places 
on its furface moft naturally defcribed on a glube, 
it is more convenient, efpeciaily for navigation, to 
deicribe them on planes*, this is what is called the 
projection of the fphere, which is the next thing 
lu be done. 

S E C T. II. 

'The proJeSwa of the Sphere on a Plane. 

There arc feveral ways of projecting foUds upQix 
a plane, we Ihall only 11-e.1t cjf the orthographic, be - 
caufe all that is necclfary in navigation is in thla 
projedion, performed by Ilrait lined right angled 
triangles. ^ 

The manner of projet^ing any fohd orthogra- 
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1 phically on a plane, is by fuppofing the body to 
I be ctic into two or feveral paits by one or more 
■ planes parallel to one another j now, if a piane cut 
the body into two parts, the plane may be fo far- 
extended that each part of the Ibrface may be rc- 
prefented on this plane, by letting fall perpendicu- 
lars from *rach point of the furface to the plane \ 
theiti lines are called the projc^^ting lines^ and will 
be all parallel to one another ; the point where thefe 
lines meet the plane of the proieclioHi will give the 
pofition of thefe places on that plane. I^ele, the 
Wiing to be projedled is called the original, and the 
"plane on which it is to be projei^ed, the plane of 
die projection. 

Let us then fuppofe the globe to be cut by a 
plane pafling through both poles, it will likewife 
pafs through the center, and of confcquence divide 
it into two equal parts, each being one half of the 
globe: Being thus cut it will lay flat on a tabJc % 
the bottom on which it ftands will be a circle, in 
this cafe a meridian, whofe diameter will be equal 
to that of the globe. After being thus cut and laid 
flat upon a plane, if perpendiculars be let fall from 
atl places on its fiirface to the plane on which it 
ftandss we (hall have one half ot the globe projec- 
Bed, all within the circle, and, as it Is by the latitudes 
and longitudes the fituation of places are determined, 
we may projcft all the meridians and parallels on 
this plane, and the places may be laid down ac- 
cording to their true latitudes and longitudes ; now 
all this may be performed with greater exai^^ncfs, 
without cutting the globe^ by the following method \ 
it was necdl'ary lo obferve this, to underftand the 
principles from which the operations are deduced; 
J. Dcfcribe the circle PES Q^, to tepR-fcnt the 
niuridian ; let P be the north, S the fouth pole i 
P S the axis, E Q^the equator, lor though it is onljf 

tlie 



I 

I 



Sect I II. The ProjjtSlion of the Sphere. 65 

the diameter of it, yet, as the plane on which half 
of the globe now flarids is a meridian, the half of 
the equator would be on the furface, and if perpen- 
iliculars were let fall from each point of it, they 
would all fall on the line E Q^, and for the lame 
Fcafon all the parallels of latitude will be reprefcnt- 
ed by their diameters, and drawn parallel to the 
line E Q^. TUf. 4. /^/Ts' 

2. Graduate the eqndror into degrees, by laying 
a ruler over the feveral divifions, of the circumfe- 
rence, parallel to the HneP S j the points where 
the ruler interfe6b the line E Q^ will gradu^e ic 
into d^recs, and, though they are equal on the 
globe, they will here be iinnequal, for they are the 
fines of the arches. 

The meridians are all .circles on the globe equal 
to the equator, biit as they interfed one another in 
the poles, they cannot be reprefented by ftrait lines 
on the plane of the meridian j they will ail become 
curves when projefted on this plai^, but not circles. 
One of them which is at right angles to the plane 
of the projedion is a ftrait line, and here repre- 
fented by the line P S, the earth's axis ; In order 
then to find the points in each parallel through which 
the meridians muft pafs, the parallels mull all be 
divided into degrees •, now the parallels here are 
teprefcntcd by their diameters, as well as the equa- 
tor by its diameter, they muft therefore be divided 
into the fame number, of parts, and into the fame 
proportion with the diameter of the equator, al- 
ready properly divided » and to divide the diame- 
ter of each parallel into the fame proportion, let 
us Cby Proi'. 9, Chap. 11.) make the radius of the 
equator the fide of an equilateral triangle ABC, 
fo fhall each fide of the triangle be equal to the 
radius of the equator. Then lay off the feveral 
parts of the radius of the equator,' upon the lines 

K ^B 
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A B, and AC; fo Jliall C» lo, C, zo, in the 
pkne of the projeftion, be the fame with A, 80, ■ 
'A, 70, in the line A B, and in the line A C, the 
'fides of the triangle. Now when lines are drai^n, 
from the points 10, 20, (^c. in the line A B, to S 
the fame points in the line A C, they will be equal ^ 
to die rddiuffcs of the feveral parallebj and ail pa- 
rallel to B C, the bafe of the triangle j all that re- 
mains to be done is to transfer the divifions of the 
radius of the eqmtor to B C, the bafe of the tri- 
angle, and then lines drawn from A to the feve- 
ral divifions of the bafe, will divide all tlic paral- 
' lels into the fame proportion wi:h the equator. 

Having found all the points, the meridians may„ 
by a fteady hand, be drawn through tliefe points, 
for as they are eUpfes they cannot be drawn with 
ihe common compalfes, which is an objeiftion to 
this projeflion on the plane of the meridian j but 
this obftacle is entirely removed, becaufc, in the ca- 
fes we fliall make ufe ol it, we Jball have no occa- 
fion to draw the curves, only to find the place in 
any parallel of Jatkude whsre any aEigncd meridi- 
an Ilial! iiittfrredl it ; or, if that be known, to find 
where the meridian will intcrfeil: the equator. How- 
ever we ihall fhew how the meridians may be pro- 
jefted into Ilrait lines by the fame principles. 

Let the globe be cut by a plaiK pafling through 
the eqimtor, then laid flat upon a plane, the 
fcition will be a fircle, and the bafe or bottom on 
which it ftands will be the equator, and, when the 
half of the globe 1% in this pofition, if a perpendi- 
cular be let fall from the pole, it will come right 
in the center of the circle, and, as all the meridians 
intcrftf^ one another in the pole, they will, ia this 
proiet?lion, be ftrait lines, and the parallels of lati- 
tude will be circles ; The radiufles of each will be 
the fame in both projcitions, that is, the finea of 

their 
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their complements. Let rhe line A 1' C be the 
diameter of" the firft meridian, and P A the radi- 
us properly divided into degrees, which will there- 
by become a Hnc of fines ; and when dr^s from 
P, as cent-cr, are drawn rhrcugh the feveral divilj- 
oha 70, So, £?lf. they will all be parallel to tlic 
equator, and therefore parallels of latitude, and it 
k evident their radiiilTes will be the fi-nes of lo, 
ao, (^r. the comptemenB of their latitudes in this 
projeftion. In die former projeftjon G H is the 
radius of the parallel of 40 degrees, evidently tlie 
Ijnc of 50 degrees, the complement of the latitude. 

The meridians and parallels being thus drawn, 
places may be laid down, accoidijig to thfir lati- 
tudes and longitudes taken out of the tables. PlaJe 
IV. Ng. 3. 

Let C E be 60 miles, equal a degree of the c- 
quator ; draw the lines P E and P C, Co (hall the 
dtltance betwixt thefe lin^s in each parallel be one 
degree, and when nieafur«d by the fame fcale of 
equal parts, that the 60 miles in the equator was 
taken from, we (hall have the number of miles that 
make a degree in any of thcfe psrallcls of latitude: 
This is the very fame thing, as if the dilFcrcncc of 
longitude betwixt two places in one parallel of la- 
titude were given, to find their departure, that isi 
their dillance in that parallel : And to find it by 
calculation, the proportion will be. As tht; radius 
of the equator is to the radius of the parallel ; 
(or, which is the fame things the fine-compiemenC 
of the latitude,) fo is their difference of longi- 
tude to their departure -, or, if the departure be 
given to find the difference of longitude, it will 
be. As the radius ot' the parallel for co-line of the 
latinide) is to the radius of the equator, to is 
the departure for diftance betwixt two meridians in 
iiny parallel of latitudf, to the difference of lon- 
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the equator does, for which there is no rtma!y in 
riie plain chart, but as this chart is abfohitely ne- 
cefljry in navigation, we fhall here Hiew Iiow it 
juay be conftruiSted, and afterw.irds, how the errors 
in the plain are corrcfted by MercatQr'% chart. 

SECT. 1. 

OfrJiruStoii of t^s plain Chart* 

This may be made to concain the whole or any 
part of the earthj but as the parallels of latitude 
are equal to the equator, it will be fufficient for our 
pLirpofc to make one from the parallel of 50, t& 
that nf 61. To perform this, there is no occa- 
0op to fuppofe the earth to be a flat extended , plane, 
but only to rej)relent the equator by a flrait line ; 
and becaufc rhc meridians are all perpendicular to 
Ihe equator, if they be likewife rtprefcnttd by 
ftrait lines, this will, of neceiTity, occafion them to 
be piraliel 10 one another, the thing that is pro- 
pofed. flatiV. Fig. 2. 

Draw the line Y Z 10 repreient the parallel of 

fo degrees, and ereft the perpendiculars W Yj and 

X Z, 10 reprcfcnt two mt.Tidlanj, and in this It 

"will agree with the globe, btcaufe the meridians in- 

terfed all the parallels a.t right angles. 

a. By any convenient fcale of equal parts, lay 
ofF 660 troni Y to \V, and from Z to X, and 
draw the line W X which will be the parallel of 
61 degrees, tor ii i!egrecs is 660 miles. 

3. liivide die meridians into degrees i thus, take 
f>o by any line of equal parts, which lay off on 
the lines Y W, and Z X, to 51, and from 51 to 
ci» yr. and where the degrees will admit, they 
may be ■ fubdividcd into haires, and quartera, or 
into miles. 

A. Gra- 
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4. Graduate the parallels W X, and Y Z, into 
degrees, making them equal to thofe of the mcri- 
dian« and draw the line.A V to reprefenc tlie firft 
meridian, from whence the loi^itude is to be ac- 
counted. , 

The chart being thus Hmited, we may lay dowii 
places upon it by their latitudes and loi^tudes j 
but it muft be obferved that the departure and 
difTerence (^ longitude on this diart are the fame 
thing. 

Let it then be required to lay down the following 
places according to their latitudes and longitudes, 
as follows. 

Latitude North. Longitude Weft. 

Deg. Min. Dcg, Min. 



^ 


5» 


I 


z 


4y 


c 


54 


21 


5 


01 


D 


59 


23 


6 


oz 


E 


61 


00 


6 


02 


F 


59 


59 


3 


13 


G 


56 


39 


2 


00 


H 


51 


37 





00 


A 


5<^ 


OD 





00 



In order to lay down thefe, firft draw a line pa- 
rallel to Y Z, 6t milee diftant from it. Now it is 
certain B muft be fomewhere in that line, and be- 
caufe it is in Weft longitude, lay_ off 169 miles 
from A and V, towards Y and W, or, which is the 
iame thing, 49 miles from the fecond degree of ion- 
^tudc, and then draw a meridian^ which will inter- 
fei5t the parallel in B : In like manner, lay qff 21 
miks from 54 dcg^on both the meridians, and there 
draw another parallel of latitude \ then lay otF z 
miles OD the parallels W X, and YZ, from the 5th 

defect 



".«■ 



72 Of FUin Sailing, ChaP. V. 

degree of longitude, and draw a meridian to inEer- 
fed the parallel in C-, ail the reft maybe hid down 
by this general rule. Firft, look for the latitude on 
both the graduated mcridianss where draw a paral- 
lel of latitude. Secondly, look for the longitude on 
the graduated parallelE, where draw a meridian, 
which will interfcft the parallel of latitude in tht; 
place required : Or, if the places be already laid 
down, their latitudes and longitudes may be found 
by drawing a pirallel and meridian through each, 
to inttrfcft the graduated meridians and parallels, 
which will give their latitudes and longiCiidea : Or, 
by taking, with a pair of comp.iffes, the neareft 
diftance of the place ircm any parallel of Iatii;udc, 
and laying it oft" Irom thit parallel on die gradua- 
ted meridian, and thli will give ilic latitude : The 
longitude is found by taking the diltance of the place 
fr0;n any meridian. And laying it off from the lame 
meridian on the graduated parallel. 

The places being dius laid down, if we draw a 
line from A to B, from B to C, &c. vje fhail have 
fu many right angled triangles.. "Hence it will be 
cafy to apply the dottrinc of right angled triangles 
to navigati:;!!, for, ttis evident, that Upon the plain 
chart the dilvance, ditferenct- of latitude, and depar- 
ture, always makes a right angled triangle, the dif- 
tanc^anfwers to the hyputhenufe, the difference of 
latitude to the perpendicular, and the departure to 
the bafe, the courfe is the angle which the rhumb 
line the fliip fails upon makes with die meridian, 
and is obtained by the mariner's compafs, as was 
before oblerved. The diftance is had by the log 
Lline, which muft be very carefully divided, fo that 
contain 



' every 



may 



exatftly 



part 



an hour, lor then the lliip will go juft as maiiy 
miie& in an hour as there are knots of the line run 
out hi half a minute, It will not be cafy to deter- 
mine 
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mine haw many milcE will make one degree i this, 
on land, has been done by aftiial menfuration, by 
feveral eminent mathematicians, to whom recourfe 
inuft be had for dtrttrmining this point > but as the 
mariner may have frequent opportumdes oF failing 
on the mertdian, if then the obferved latttiide at- 
grees widi that by account, It is probable the line 
is mily divided, bur if there be any confiderable 
difference, it may be prefumed the fault miift be 
id the line, for the glafs may be adjiifted exactly to 
i^o feconds; and if, upon frequent trials, the fame 
error is found, the line may then be truly divided. 
But, as the courfe cannot be depended upon with 
certainty on account of currents, it is no wonder 
the mariner often falls into great errors. 

Tke RefolvSicn cf ihe Six Cafe: of Plain Salting. 

A? ihefe will be lb many right angled triangles, 
we (hall refer to the fijc cafes in trigononictry for 
their conltruclion -, and here only remark, that, as 
the angle 15 given in points of the con'tpafs, it, for 
the moft p^rt, will conlirt of degrees and odd mi- 
nutes, v^'hich cannot be taken off the line of chords 
exactly, for which reaf&n there is a lijie of rliumba 
Ijo be ufed, inflead of the chords, for fctting oft" the 
courfe i this is only a line of chords, the quadrant 
being firft divided into eight equal arches, and thcfe 
fubdivided into halves and quaitcrs, and from 
thence transferred Co the clxord of 90 degrees, 
which will be equal to eight points. The line be- 
ing thus conftrMtted^ beJorc it can be ufcd for the 
courfe, we muft firfl: ddcribe an arch with the 
cliord of 5o degrees, taken from the hne of chords, 
tiO which clic rhumb hne is adapted. Again, as in 
triangtes, the perpendicuiar is drawn parallel to the 
ijiargin, jt wiU be cpijvenieni tP draw the differ- 
ence of Irttitude fo alfo ; and of confcqucncc the 
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departure will be parallel to che top and bottom, 
as the bafe is in Trigonometry ; for in all books 
(where it is noc othcrwife ejfprelTed) eait is on the 
right, and \»eft on the left hand, the top north, 
aiul the bottom foodi i fo that in failing betwixt 
N and W, the angit of tlie courfe mnft be at the 
bottonm on the right hand ; but if between the N. 
and the E, the angle of the courfe muft be at 
bottom, on the left hand : If the courfe be fouth- 
tjrly, it muft be on the top when eafterly j but on 
the right hand v/hen wefterly. 

In projtding the following examples, it will be 
proper to draw the equator in each ; fo then we 
may compare the latitude found by projection witli 
that by calculation. Fl. II. Fig- ^^ 

Cas£ 1. A Ihip in i6deg. lo min.N. kt. faSs 
S W by S 4- W g6o miles j required the latfmde 
come to and departure ? 

1. Draw tile line E Q^to reprefcnt the eqwator, 
and bccaiile we are failing on the S W quarter, 
cred a pei'pcndicular on the right hand at QI^ 

2. Liiy ofl"", by afcile of equal parts, 970 miles, 
that is 16 degrees 10 minutes from Q^to A, whiitli 
muft be the latitude, the Ihip fails from. 

q. With the chord of 60 degrees from the xtn- 
tcr A, dcferibe anarch,, on which lay off 3 4- points, 
that beidg the courfe. 

4. Draw the line A C, on which lay off 960 
triiles, the given diftance from A to C 5 !ind, Jaftly, 
let fall a perpendicular from C, to cut the meridian 
in B ; fo ftiall B C be the departure, A B the dif- 
ference ot latitude, and B Q^ equal C E, the lati- 
tude come to. 

Cask il. A fliip in ^ degrees, 48 min. N lat. 
fails N K by N T E, till ftie arrives in the latitude 
of 16 degree? 10 minutes N, required the diftance 
and departure ? 

This 
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This is the fame as the zd in Trigooometry, I 

and becaufe the courie is juft as many points as in the I 

ixjregoing, and the latitude failed from, hcfc, is that 1 

came CO before, rt is plain thctriangle will be exactly the J 

fame as in the preceding -, and if wc draw D E e- I 

qual and parallel ro A Q, and D A parallel to C B, 1 

we fhall have the triangle properly projefted j fo j 

Jhall A Q^ equal D E, be the latitude come to, I 

C A the diftance, and D A the departure. PI II. I 

f''g- 9- 

Case HI. A l%ip m 16 degrees, 10 minutes, 1 

N latitude, fails S W by S 4 W, till her depar- 
ture is 609 miles i required the diftance and lati- 
tude come to ? J 

This may be -conftrocSed as the 3d cafe in Trigo- 
iiometry, but we fhail here Ihcw how k may be 
done by another method. I 

I. Draw the equator E Q, meridian Q_A, on 1 
which Jay off the given latitude from Q^to A, and 1 
make the coiirfe at A, aa in the firfl; cafe. 1 

z. Draw A D parallel to E Q^ on which lay off j 
609, the departure, froiai A to D. | 

J. Draw a meridian through D, to intcrfetfl the | 
rhumb line, drawn from A, in C j laftiy, let fall the ' 
pcrpcndicuiar C B, which will be the gjven dep-.ir- 
ture, A C the diftance, A B the difference of latitude, 1 
and B Q__equaJ C E, the latitude come to. PI. 11. 
Fig. 9. 

Case IV, A ftip in + degrees 16 minuter N la- 
titude, fails betwixt the S and the "vV till the diftance 
is 960, and difference tif latitude 742 miles, requi- 
red the courfe and departure i 

Here having artumed A for the place failed from, 
and conftniftcd the triangle as in the like cafe of Tri- 
gonometry, wc may lay off 256 miles, that is 4 
4lfgree 16 minutes, from h to Q, fo fhall E C^ be 
ttic equator, and Q^B the latitvRk come to foutli, 
i PL\^. 
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Pt, II. Fig. 7. Note, The latitutie com* to, is 

found, by Liking the latitude failed irom, 4jut ot the 
difference oC laiit-.nlcj wMth will always be the cafe, 
\yhtn the di til' re ace of latitude ^.-xceeUs chat failed 
from, as here when the Hilp has made 256 differ- 
ence of latitude fotitherly, it is plain rtie comes to 
the equator, and whit rhorc difference of Utitude 
ihe makes will be in fouch latitude. 

Case V. A ftiipin a degrees 6 minute?, S la- 
titude, fails betwixt the N and E till her tiiftance is 
q6o, and departure 609 -, required the courfe and 
latitude come to? Pi. II. Fig. 7. 

Irhis is projctfted as in Trigonometry, and the e- 
quitor found as rn the preceding, and becaufe the 
difference of latitude exceeds that failed from, wc 
find the latitude cotat to as in the preceding, 

Case VI. A JTiip in + degrees 16 minutes N 
latitude^ fails betwixt the S and W till her diETer- 
cnce of Ijttcudc is 742, and departure 6og \ requi- 
red thecoude and dittance? PI. IT. Fig. 7. 

It iVould be quite nccdlefs to give iiny inftrufti- 
ons for the praje6^ting this-, as the triangle is the 
fatne with the preceding; we Ihill therefore work 
the fifft cafe arichmeticaliy, but it is to be oblerv- 
ed thnc the coiirfe muft be- converted into degrees 
before the operation can be performed: Now here 
the courfie is 3 [- points, or j g degrees 2 1 minutes. 

As radris 

Is to co-fine 59*^ iz' 

So is dlftant 960 miles 

To different Utitude nearly 742 

As radius 

Is [o fine of 39*^ 22' 
So is diftant 960 miles 

Tadeparturc nearly 609 
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In the precedifig cales, one Iriangk Tervfis for 
all', we fliall therefore fubjoir! the following, and, 
though they may be projtftbd as in Trigonomerry, 
we chink it pfopcr here to remark, that the firft 
thing to be done is to draw a meridian -, and when 
there is only One trialigle concerned, it is indifferent 
at what point of the meridian the courfe be made ^ 
■when there are more than one triangle concerned, 
the point in the meridian, for die firft courfe may 
be affUmcd, where moft convenient, but then this 
will determine the poinCi for the other courfcs, in 
the fe?eraJ ihcridiaiis. As* for inftance, in faihng 
from A to B» from B to C, ^c. on different cour- 
les i the point A may be any where, fo, A B, will be 
the diftance j but» in failing from B, the (Mint for 
the courfe is fixed, therefore we muft draw a me- 
ridian through B, before we Jay off the courfe, and 
when C is found we mult likewife draw a meridi- 
an there, aiid lay off the courfe to D, L'c'. Thii 
will be bell uoderftood by the following exampiest 
which contain all the varieties of plain failing, and 
the fubftance of what is commonly called craverfe. 

Though all the triangles arc already conftniiled 
on the plain charts we Ihall once more go through 
the whole proccfs, and, as we intend here to fhew 
the manner of projefting a traverle, make ufe df 
the following method, 

Case I. A fliip at A, in r^o degrees N latitude, 
falls W N W 4 W 186 miies to B ; required the 
tlepartiiTC and latitude of B ? 

ill. With thechordof 60, from the center A* de* 
fcribe a quarter of a circle, or, if need be, a whole or 
femi-circie, on which lay off the given courfe, and 
draw tlie rhumb line A B. 

adly. Lay off the given diftancc from A to B. 

3dly, Draw a parallel of latitude through 
B [o cut the meridian in i i in Hiall A 1 be 
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the difference of latitude^ and B i 

Case. II. From the fame B, Ihc fails N W by 
\fi to C, her diffeRnce of laticude is 200; requi- 
red the diftancc, departure, and latitude of C? ' 

I- Dra-w a meridian through B-, and, in order to 
inake the angle ol the courfe, lay off 3 points up- 
pn the arch from the meridian of A and draw the 
line Axy and another line parallel thereto, through 
B. it is plain this wiii be a N W by N rhumb 
line. •'?^^^»*i-«' ^ ' 

^dly, Lay off the given latitude, Trom B to 2", 
through which point draw a parallel of latitude to 
interfed the rhumb Sine in C, fo (hall B C be the 
'tliftance, C 2 the departure. Pi V. Fig. 2. 

Case HI. From C Ifie faih N by W to D, 
till her departure is 60 miles -, required her diftance, 
and latitude of D? — She then fails 97 miles N to E. 
. ift. Draw a meridian through C, and produce 
the parallel of latitude C 2, to the left, till C 2 is e- 
qual to the departure. 

adiy. Draw a meridian through z. 

3dly, Lay off one point, the given courfe upon 
'tne arch, from the meridian of A, and draw the 
Jine A_y and another parallel thereto, through the 
point C, to inierfcifl the meridian drawn through 
■z in D, through which point draw a parallel of 
Jatitudc to interfeift the meridian of C in j, fo Ihall 
CD be the diftance, C ^ thediffcrenccof latitude, and 
■ P3 the given departure. Then lay off 97 miles 
from D to E, bccaufe the courfe is on the meridi.in. 
^J. V. Fig. a. 

Case IV, A ftip at E fails betwixt the S and E 
1 80 mik-S alters her Luicudc one degree j required 
the courfej departure, and latitude, of F, the place 
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]ft. Lay ofFthe given difference ol' ktitude from H 
to 4, through ■which poinc draw a parallel of lati- 
tude. 

2dly, Take i8o, die given drftancc with thi 
compafies, and placing one toot in E, with the o- 
ther cut the parallel of latitude in F, fo fliall F ^ 
be the departure, and E F the diftance, being pa- 
rallel to A B mak'cs the courfe 6 f points, that is 
S E by E ^ E. Pi. V. Fig. 2. 

Cas ri V. From F fhc fails betwixt the S and E 
to A, her dUlatice is 240, and departure 1 33 miles i 
required the covirfe and latitude of A ? 

lil:. Draw a meridian through F, and produce 
tlie parallel of latitude 4 F to the right, till F ^ is 
equal to tlic given departure, dmw alfo a meridian 
through V. 

2dJy, Take the diftance as before, and one foot 
in F, with the other cut the meridian of v in G, 
through which draw a parallel of latitude to cut the 
meridian of F in 5, fo fhalL G 5 be the given de- 
parture, F 5 the difference of ktiuidc, and F G the 
given diftance parallel to A Xi therefore tlic courfc 
«ill be S E by S. H. V. F/f. 2. 
' Case VI. From G Ihe fails bstwixt the S and E 
to H, till (lie alters her latitude 5 degrees z mi- 
nutes, and her departure 60 miles, required the 
courfc and diltanec and latitude of H ? Then fhe 
fails 97 miles S, required the latitude come to, and 
the departure from the meridian ot A ? 

lit. Draw a meridian through G, on which I3/ 
off the given difitreiicc of latitude to 6. 

adly, draw a pirallel of latitude through 6, on 
which Uy off the given departure to H, and draw 
the line G H, which will be the diftance, and be- 
caufe it is parjUel to A_y, the courfe will be S by E, 
and then, becaufc Ihc iUils S, Uy nSi)j miles on 

th!^ 
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the meridian tVotii H, w]\ich brings her b^ck to A, 
ibe piice firft faikd from. ?/. V. Fig. i. 

It is plain whtn the triangles nre conftrufted, tho 
fiiip returns to the fime place ; wliercaa Hie will be 
aboVe a degree to the caftward of it, as will appear 
in the next fo^ion. Thofe who incline to amiifc 
themfelvos by projecting traverfes may do it very 
eypeJitiQufty by parallel rulers, but 'they will una- 
voidably be led into very great errors, for, by this 
tncthod, ot' folving a craverfc, tiiey cannot find 
■ the liilii;Lide and longitude the Hiip arrives ap, and 
therefore cannot dirc6t her courfe to the intended 
port, which is the very thing required. As thtre 
are only three different triangles it will be fulficicnt: 
tt) work for the three firft, (n the following pro- 
portions we Jliall make the given fide radius, and as 
it is all cyphers except the index, it requires no ope- 
ration, only to fubtra6k lo from the index of the 
fum ot the logarithms of the firft and frcond terms. 



Case I. 

Co-fine conrfi; 70 deg. 19 min, 
Didance j So mites 

1. ifferentiacitiKlt 60.6 miles 

S!ne c&urfe 70 deg. ly min. 
Diftant 180 milts 
Departure 169.5 

Case II. 

Se^-courfe 33 deg, +5 min. 
I^ilTtrent Utiwde 200 miles 
Diftance 2-1.0.4 niiles 

Tang, courfe 33 deg. 45 min. 

Different latiLLide -ioq miles 
Departure 133-6 miles 



9.52740 

1.711267 
9-97385 

2.22912 

10.08015 
2.30103 

9.82489 
2-3 0103 
2.12592 

Case 
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Ca&b III. 
Co-fcil CCKitfe 1 1 dcg, 1 5 mio. 

Dcparrure Go miles 
Diftanc 307.6 

Co-tang, courfe 1 1 deg. 15 mlit. 
Departure 60 miks 
Different latitude joi.5 



10.70976 

1^8791 
10.70134 

2-479+9 



It would be alcogether neetllefs ta work for the 
other three cafes, for they are only the revcrre of 
the prccedings, as will appear when worked by the 
fiiles delivered in trigonometry •, we Ihalt tbeiefore 
proceed 10 Ihew how tJie defeds in the plain, may 
be fuppUed by Meroiior's chart. 

S E p T. Ill 

The PrixcipJes of MercatorV Chart, by Mr. 
Wright*i Miridmist Parts. 

Mr fVrigbt confidering that, in the plain cliarr, 
each parallel of latitude is enlarged beyond it4 due 
meafure, occaGoncd by the mcrittians being all pa- 
rallel to one another; and lilcewife that, if the me- 
ridians were made to interfefl in a point, the rhnmb 
line would make unequal angles with them ; which 
h diredly contrary to the angles, the fliip aftually 
makes on the fca, in fteeringby the compafsr' He 
therefore keeps the meridians fliU parallel to one 
another as in the plain, and enlarges the degrees 
ipf the meridian in the fame proportion. Here then 
"confifts the difference betwixt the two charts. In 
the pl^n, the degrees of the meridian arc every 
where equaJ to one another, and to thofe of tlie e- 
quator, or fwhich is the fame thing] 10 thofe of 
the parallels of latitude. In Mercalor'% chart, the 
degrees of the equator ai'c equal to iKotc ot the 
parallels of latitude, but the degrees ot the meri- 
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dian are unequal, being enlarged, as they approach 
the poles, in the fame proporrion the parallels of 
latitude are enlarged : fo the only difEculty will be 
to graduate the meridians. Pi. II. pig. 8. 

The firft thing to be done is to find how many 
miles will make a degree in any parallel of latitude, 
the proportion is, as C B, the radius of the equator, 
15 to D A, or C H, the radius of the parallel, or fine 
complement of the latitude, fo is 60, the miles in 
one degree of the equator, to the miles in one de- 
gree of that parallel -, this in the parallel of 50 d«g. 
is, by the following operation, 38.17 miles. 
Now, thongh this makes one degree in the pa- 
rallel of 50 degrees on tlie globe, yet, upon 
the chart, there are 60 miles in a degree, in that 
parallel, by which it is enlarged on the chart ; there- 
fore the degree of the meridian at that parallel of la- 
titude muft be likewife enlarged in the fame pro- 
pordon ^ fo that by this method, there mufl: always 
he two proportions, gs follows, 

ift. As radius of the equator i o cooooo 

Is to the radius of the parallel, or co- 

fineof ^odeg. ^omin. the latitude 5.303510 

So is 60, the miles of one degree in the 

quacor, 1 ^778151 

To 38. 17, the miles in one degree of 

the meridian, at the parallel of 50" 1.58 i66j 

2d- As 38.17) the miles In a degree in 
the parallel on the globe^ i.gS f65i 

Is to 60, the miles in one degree of the 

meridian on the globe, 1-778151 

So is 60, the miles in a degree in the pa- 
rallel on the chart, }-77^ » 5 ' 

To 94-33, the miles in one degree of 
' -file meridi^ on th« chart j 97464 1 

Now 
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Now D,A» or C H the co-fine, is to C A ihe 
radius^ 3S C B, the radius, is to C E, the fecant j and 
D A on the charts is always equal to D F, or C B^ 
therefore a degree of the enlarged meridian mull al- 
ways be equal to the fecint of the latitude, which 
may be found by one proportion, as in the follow- 
ing operation. 

As radius lO^ 

Is to thcfecantof 5odcg. jo mln. 10.1964.^ 
So is 60, the miles in one degree of the 
•' ' meridian on the globe, 1.7^815 

To the miles in the meridian betwixt 50 

and 51 on the chart 1.97464 

The ref-ik is the fame, as by the two precedings, 
and it is by this lail proportion that Mr f^Vrigbt 
■with great labour and accuracy calculated his table 
of meridional parts, to every degree and minute of 
the quadrant from the equator to the pole. 

In this table we have, by infpeition, the miles 
(which he calls the meridional parts) that every pa- 
rallel of latitude is diftant from the equator, and of 
confequence we have tTie meridional pans, or the 
miles iljat are in the meridian, betwixt any two pa- 
rallels of latitude by fvibtraftion. 

As we intend to conftrucl the chare from the pa- 
rallel of 50 to that of fir degrees, we fliall work 
for the miles in each degree of the meridian, both by 
the co-fines and by the fccancs, as in the anexed table, 
in which there are five columns i the lirft for the de- 
grees of latitude, the fecond their co-fines ; now, 
in order to find the miles in a degree of any paral- 
lel, the logarithm of 60 muft be added to chat of 
the co-fine, and the logarithm of the radius Alb- 
rafted from their fiim, as in the firll proportion of 
le preceding operation, the refiilt of which is 
erformed in the third column, which will be 
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the logarichm of die miles in a degree in that pa- 
rallel : But thert will be no occafion to look, forj 
the natural number corrcfponding to that loga-^ 
ritlim, bccauff, whatever it is, when we come tc 
work for the miles irt 4 degree of the meridian,' 
We miift fubtraft that logarithm from twice the lo-l 
garithm of 60, as in the jd proporrion foregoing^ 
Now, as in the third column, we have the logarithm 1 
oF the miles in a degree of the parallel, fo, in thr 
fourth, we have the remainder after fubtrafting that 
logarithm from twice the logarithm of 605 and in.- 
the fifth, the natural number correfpo tiding there- 
to* which is die miles in a degree of the meridian 
a.t diat parallel of latitude : and this is the reafon 
when we are to find the miles betwixt the parallel of 
50 and ^t, wc firft work for the miles in the pa- 
rallel of 50 deg. 30 min. which agrees with the o- 
pcration by die fecancs, and lik^wife with the table 
of meridional parts. The meridional parts of 50 
deg. is 34.74.50, the meridional parts of 51 deg. 
is 3568.83, fo there will be 94-33 miles betwixtthe 
.parallels of 50 and 51, as by calculation; for by 
the tabic the parallel of 5O ia 3474.5 miles from 
the equator, to which adding 94.3.? we have 
3568.83 miles, the diflance of the parallel of gt 
from the equator •■, and when the levcral fecants 
to a radius of 60 mlks are added together, their fum 
will be equal to the meridional parts bctipixt the 
parallel of 50 and of fir. 
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Latinde 



Co-flnw 



Oej. 
50 

5« 

5» 
53 
54 
55 
45 

59. 
60 



Hill. 

-3° 

30 
30 

30 

30 

30 

30 
30 

30 
30 

30 



Sum of eoSnt, 
ud tog. of (o 



lUouia^ Hiki in 

tko meridlM*' 



9.86351 
9-79415 



975313 



9.69234 



I.58166 

'.5723<' 



1.53128 



1.47049 



1.974.64 

1.98400 



2.02502 



2.08581 
Mies &om the puallel <^ 50 Co 61 



94-3 

96.4 

98.6 
100.9 
103.3 
105.9 
108.8 
1 1 1.7 
114.S 

II8.2 
I J 74.8 



Dcjr. Uin. Secanta. 

50 ^o 10.19649 

51 30 10.20585 

Ltdtude 61 <kgrcc8 4649.3 merid. parts 
50 ?t474-5 



Log, of £0 1* 1.77S11 
1.97464 
1.98400 



1174-8 

This table is inferted to flicw how the table of 
meridional parts may be conftrufted ; and it is prcr 
fumed, our readers may fill up the intermediates 
which are here omitted, and likewile condnue the 
procefs by the fccants, which will exaftly agree 
with that by the co-fmes, but, in praftice, tSere 
will be no occafion for any of the preceding opera- 
tions, as the table performs it by fubtraolon, or 
addition, as before obierved. 

OnfiruSion 9f MercatorV Chart, 

I . Draw the line Y Z, to reprefent the parallel 
of 50, and ^^uate it as before in the plain charts 
allowing 60 mil« to a degree j ercft alfo the two 
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nwriilians Y W, and Z X, and A V to rcprerent 
the firft meridian. Plate VI. fig. 1. 

idl/v Lay off 94.33 miks, on each meridianj 
•ftorh 50 to $1 1 96.39 milts, froni 51 to 52 ; 
proceed, in the lame manner, till you come to the 
parallel of 61, and draw the line, W X, wjiich gra- 
duate into degrees as the parallel of 50. 

The chart being thus conftrin5lcd, the places may 
be laid down as in the plain chart -, ami, as there are 
two Tea charts^ navigation is generally divided in- 
to two parts, viz. plain and Mercator's failing i 
The firft we have already explained, and come now 
Co Mercalor*i. 

S E C T. IL ■ m 

Of MercatorV Sailifi^, 

In this, ftriftly fpcaking, there can be but two 
cafes; firft, both latitudes, which muft always, be 
given, and either (he coiirfe or departure, thereby 
to find the difference of longitude : Or, fecondly, 
bcth latitudes and the difference of longitude given, 
to find the courfe and diffanre -, both which are per- 
formed by right angled triangles, and may be 
prtyefted by the two following generit rules. 

Case I. Both latitudes, and either the courfe or 
departure given, ro find the difference of longitude. 

lily Conftriid: the triangle, as in the plain chart, 
and produce the diflance and difference of latitude. 

2dly, Find the meridional difference of latitude, 
which lay offon the properdi&crcnce of latitude pro- 
duced ; and then, at that point, draw a line parallel 
to the departure, to interfeft the diftance produced ; 
which will be the difference of longitude i fo ihall 
the meridional difference of latitude be the per- 
J>cndieNlar, and the difference of longitude, the bafe 
cf a ri^ht angled triangle. 

Case 11. 
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Case II, Both latioidtrs, and longkudes given; 
to find the courfe and diftance 

lit. Make the difrerence of longitude tht: bafe,and 
the meridional difttrcnce ot' ktitude the perpen- 
dicular cf a right angled triangle ; fa fhall the an- 
gle the hypoihcnufe makes with the perpendicu- 
lar be the coLirfi-, which fuppofc at the point A. 

2. Lay off the proper difference of latitude from 
A to I, and draw a hne throLigii i, paraliei to the 
difference of longitude, to intcrftidt the (lypotlienufe ia 
B5 fo fhall A B be the diftance, and B i the de- 
parture. PiiiieW.Ftg. I. 

The arithmetical folutions are obtained by the fimc 
proportions as in trigonotnctry. 

Icwas before obfcrved inCH.IV. Sect. 2. that the 
cofine of the latitude is to the radius as the depar- 
ture is to the diffrrcnce of longitude-, and, it was 
proved, that fhe co-fine of the latitude is to the ra- 
dius, as the radius is to the Iccant of the ktitude. 
Of, which is the fame thing, as the proper diff.^r- 
cnce of latitude is to the r.^ertdional difference of la- 
titude ; therefore in finding the ditJ^eredce of lon- 
gitude, fay, as the proper difference of latitude is to 
the departure, fo is the meridional difference 
of latitude to the difference of longitude ; or, as 
radius is co-tangent of the courfe, fo is the meridio- 
nal (iifferenceof hititude, to the difference of longitude. 

The difference of longitude may likewife befouni 
by fuppofmg the departure to be made in the middle 
Uritude ; the projxirtion is, As the co-fine of the 
middle latitude is to the radius, fo is the depar- 
ture to the difference ot longitude^ and when tlie dif- 
ferent ktitude is not above two degrees, it will a- 
gree nearly with that by the other proportions. 

Nate, Ily departure is to be linderftood the caft- 
ig, or wc-Iiinj, made in faihng on one diredl 
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Though all Mercator'^ failing may be comprc' 
\ hcnded In the two preceding cafes, we ihall work. 
I for the difference or longitude to each of the fix: 
woregoing cafes in plain failing, and ftiall conftrm5l the 
I |rianglesmiJW?rcflfflr*schartas before. Pi, Xi.Figt* 
I Case i. After coJiftruftjng the triangle, as on 
I ihc plain chart, the ihip comes to B ; fo A i. Is 
I the proper difference of latitude ; the latitude come to 
I is $t deg. I min ; tlie meridional pans by the ta- 
I He is 2570.4, and the meridional parts of 50 deg. 
[55 3474-57 which makes the meridional difference 
|»f ktifude 95.9 V l^y this off on the meridian from 
I A to H J through H draw a parallel of latitude to 
f jDterfedt the diftance produced in I i fo fliall H I^ 
be the difference of longitude. 

Case 2. ill, Draw a meridian through I» and 
I find the meridional difference of latitude as before, 
['which lay off from 1 to a ^ and through a draw a 
[parallel of latitude. 

L adly. Make the ang^c of the courfc at 1, ot 
Fwhich is the fame thing, through I draw a Hne pa- 
! faltcl to B C, to interfcCt the parallel of latitude 
ilrawn through a in K; fo fhall a K be the diffcr- 
1 ence of longitude- 

[ Case 3. jft. Draw a meridian through K. 
I sdly. Lay off the meridional difference ot latitude 
from iC, to b, and there draw a parallel of latitude, 
gdly, lay off the courfe from K, or draws Une 
parallel to C D, to interfeit the parallel of latitude 
(n L ; fo ihall (> L, be the difference of longitude, 
now Jhe fs in 61 latitude, therefore draw a me- 
ridian through L Co M. 

Casf. 4. lit. Draw a meridian through M, on 
which lay ofFtheproper, and meridional difference 
pt ktilude, aad djaw a parallel of latitude through 
each. 



I 
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2dly, Produce the diftance to N ; To fhail N f» 
be the difference of longitude. Pl.Vl. Fig. 1. 

Case 5. Draw a meridian through N, on which lay 
ofFthe meridional difference of latitude, from N,io d j 
and there draw a parallel of latitude to interfed the 
diftance produced in O ; fo fball O i^ be the differ** 
ence of longitude. Plate VI. Fig. r. 

Case 6. Draw a meridian through O, on 
which lay off the meridional difference of latitude 
from O to P, where draw a parallel of latitude to 
ihterfect the diftance produced in P ; fo fliall P e 
be the diifcrcnce of Icn Titude j and becaufe /he then 
fails fouth to the parallel of 50, draw a meridian 
through P to Qj fo Ihall QJ>e the place the fhip 
arives at on Mercator'^, and A on the plain chart. 
Now, to find the diftance from Q to A ; Q_A, 
the difference of longitude on the parallel of 50 is 
given ; therefore, make an angle of 40 degrees 
■with the parallel of latitude at the point Q_, bc- 
caitfc that is the complement ot the latitude i fo 
Ihall the perpendicular A/ be the diftance, or, 
which is the fame thing, the departure, for ia 
the triangle Q^A/, if the hypothenufe Q_A be the 
radius, then will A /"be the co-fine of the lati- 

»tude ; and as radius is to cofine latitude ; fo is Q^A» 
i^e difference of long, to A/, the departure ; that la 
to fay, the diftance in the parallel. We have, in 
the plate, drawn the feveral departure's parallel ta« 
the differences of longitudes, by which the true 
diftances may be found on Mercator's chart. 

Case 7. Q^in 50 degrees, N latitude and i deg. 
^5 min. E longitude; M in 6rdeg. N latitude and 
g** 59' W longitude -, required the courfe and dif- 
tance from Q to M ? plaie VI. Fig. 1 . 

ift. Find the difference of longitude, by adding 
the two longitudes together, and the meridional dif- 
[crence of ktiiude by fubttaiHiing the meridionat 

N VMM. 
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parts of 50 deg, from the meritliona! parts of 61 
find a!lb the proper difference of Utitude. 

zdiy. Lay ofTthe meviJional difference of laticiide 
from Q^to h ; where draw a parallel of latitude, on 
which lay off the difference of longitude from b 
to M, and draw the line Q,M, fo ihall the angle 
i? Q^M, be the courfe. 

jdly. Lay off the proper difftrence of latitude 
from Q to g, and draw thejarallel g k, fo fliall Q * 
be the diftancc. 

Wc have now projeiiled all the various cafes of 
plain^ and AUreaier's failing, whereby the errors 
of the \Aa\n chart are confpicuous i it is alio evident, 
they ar« correded in Menaioff. chart ; fo that both 
charts are abfolucely necefiary ; ami ftriftly fpeak- 
icg, plain and Mercator's. faihng cannot be fepara- 
ted, the cme being imperfedt without the other; 
for, as the difference of longitude car>not be found 
on tlie plain, fo the difbancc cannot be found on 
Menauf^ chart, unkfsrhe triangle be tirft projec- 
ted by the principles of the plain chart. We (hall 
now calculate for the difference of longitude by 
thrtc different proportions, to ihew their agreement 
with the projtdtions. 

Case I, The proper difference of latitude is 6r, 
meridional difference of lat. 95.9, departure 169.5 
and the courfe yo deg. 19 pnin. the niiddJe lati- 
tude 50 deg, 30 min. 



As radius lo. > 

Tangent 70 deg. igmin. 10.44.64.51 

Meridian difference of latitude 95.9 1.981819 

Difference of longitude _ 26S.1 2. 428271 
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Proper difference of latitude 6i 
Departure (Seep. 8o.J 169.5 

95-9 



IVfcrid. difference of lat. 



Difference of longitude 268.1 

As co-fine of midddk latitude 50 

deg. ^o min. 
Is to radluj 

So is the departure 169.5 
To the difference of longitude '2 66. 

CaSz VIL As meridional difference 
of latitude 1 175 

Is to the difference of long. 704 

So is radius 

J^o the tangent of the courfe N 36 
deg. 56 min. W. 



9« 

2.229124 
1.961819 
4>2i094j 
2.42)1271 



i 0.000000 

2.229124 

5 2.425614 




<-k 



9-77751 



As co-fine courTc 3^0 deg. ^6 min. 
Is to radius 



9-93^Z7 

10. 

So is proper difference 0f latitude 660 12 . 8 19^4 
To diftance 769.5 miles 2.88017 

Afad by ufing the fame operarions for the reft, we 
(hall ^find i]hc latitudes and longitudes to be ais 
follows. 





Lat. 


[N. 


Lon.W. 




Tjjf. 


N. 


LiOn. 


w. 


I 


B^ 


01 


4 2S 


N 


59 


59 


4 


I J 


K 


.^4 


21 


8 09 





55 


39 





02 


JL 


.^9 


23 


9 59 


P 


51 


37 


I 


45 


M 


61 


00 


9 59 


^ 


50 


00 


t 


45 



Hjving now explained all the varieties of what 

is commonly called plain and Mercator's failing, 

"me fliall, in the next place, confidef parallel, and 

' ' midr 
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middle latitude, failing, which, we Ihall like- 
jwife unite ■, for they both fuppofe the diftance be- 
twixt the meridians of two places to be given, ei- 
ther in a parallel of latitude, or in the equator ; 
the proportions will be the fame, as to find how 
many miles will make a degree in any parallel of 
latitude; or, having the diftance betwixt two pla- 
ces in the fame parallel of latitude to find their dif- 
ference of longitude. This will admit only of two 
cafes 1 and though they have been fufficiently il- 
luftrated, in the projection of the fphere. and alfo 
on Mtrcator's chart, we ihall now treat of paral- 
lel and middle latitude failing as diftinft parts of 
navigation i and explain the principles of each, both 
geometiicaily and by calculation. 
' Case 1. A fliip'at <^, in the parallel of 50 
degrees, fails weft to A, and has made i deg. 46 
min. difference of longitude ; required the depar- 
ture made ? or, which is the fafne, the diitance 
failed from Q^to A? Piats II. Fig. 10. 

Here the ihip makes no difference of latitude, 
fo the departure and diftance are the' fame things. 
Thtrefore to cbnftruft the triangle, 

ift. Draw a line parallel to the margin, as in the firft 
cafe of plain failing, and make an angle of 40 de- 
grees, that is the complement of the latitude at the 
point Q. 

■ zdly. Lay off io6 miles, the difference of lon- 
gitude from Q to A 1 from A kt fall a perpendicu- 
lar to cut the line parallel to the margin in B > fo 
fhall AB, be the departure, or diftance failed. 

Case 2. A fhip in 50 degrees latitude, fails 
weft 68.3 miles i required the , difference of lon- 
gitude i 

■ This is only the reverfe of the preceding^ fot 
having drawn the line A B, make a right angle gt 
3, and lay off the departure 68.3, from B to A"; 

then 
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then make the angle at A, 50 degrees, that is the 
latitude, fo fhall the angle at Q be the complement 
of the latitude, and Q A the diiFcrence of lon- 
gitude. 

Example in Middle Latitude. 

A fhip in ^^ degrees north latitude, and 6 de^ 
48 min. weft longitude, fails N W by W 21^ 
miles J required the latitude and longitude come to r 
" ift Conftrud the triangle as in the lirft cafe of 
plwp failing, fo fliall A B be the difference of la- 
titude, B C, the departure, and C the Utitudc 
come to ? ^/a/H' ^- /U. //. 

adly. Add the latitude failed from to the lati- 
tude come to J the hajf of their fum will be the 
middle latitude, and it will be nearly the fame 
thing as if fhe had failed weft, till Ihe had madft 
the whole departure in that parallel j therefore, a^ 
in the preceding^ make an angle at C of the fame- 
number of d^rees with the middle latitude, ip 
ihali C D be the difference of latiti«3e ; and if the 
meridional difference pf latitude befetoff fronjA 
to F, as jn the firft cafe of Mercator^ we fhall 
' find F G the difference of longitude, equal to C D. 
The courfe is ^d deg. 15 min. and the proportion* 
as follows, 

R : fine of 56 deg. 1 5 mjn - : djftance 216: dep^r ' 
jure 180. R; cofine 56 deg. 15 rnin. : : diftancc 
:?i6: difference of latitude 120. 

Latitude failed from 

pifference of latitude 

latitude come 

Latitude come to 
Latitude failed from 

Sum 80" 

•• ■ A, 



39° 


00' 


2 


00 


41 


00 


41" 


00' 


S9 
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As co-fine middle latitude 40® 00 9.884254 

Is to radius 10. 

. So, is departure 180 mile^ 12.255272 

To diiFerenceof longitude'235 2.371018 

latitude. Meridional parts. 

41 2701.6 

39 _ ^545-0 

Meridional difference of latitude j ^6.6 

As proper difference of latitude 120 2.07918; 
Is to departure 180 2,255272 

So is meridian differenceof lat. 156.6 2.194792 
I - 4.450064 

To difference of longitude 234.9 2.370883 

Having thus gone through the particulars pre- 
paratory to Navigation, it remains now to Ihew,- 
how, by a proper application of thefe, the mari- 
ner may attain what is intended by this art, war. 
to direft a ihip's courfe to any propofed port. 

The firft thing , neceflary to be known, is, the 
latitude and longitude both of the port, the ftiip is 
bound to, and of the place the Ihip is in ; then 
the courfe and diftance is found by Cafe 7th of 
Met- cat or : And,* being provided with a compaft, 
lie may fteer the diredt courfe, if the wind will pcr^ 
mit, and the log-line will give the diftance he is to 
fail on that coyrfe. The latitudes and longitudes 
pf places may be had from tables made from aftu- 
al cbfervations, or from charts wherein all the 
coafts are laid down j and here we think it will be 
jMoper to fhew how to. find the courfes and diflan^ 
Cts on the chart^. 
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Of the Cintrfr,'and Difiances »» the Chart. g§- 

S E C T. III. 

0/ mefuring the Difiances of Places, and finding ' 
theCourfefromoneta another^ upon the Sea-Charts. 

Althoi^ on Mercator\ cfiart, the degrees of 
the meridian have the fame proportion to thofe of 
the parallels that they have upon the globe, yet 
the diftances cannot be meafured as they are laid 
down on the chart : For inftance, if one place be 
in 59 dcg. 30 min. and another in 60 deg. 30 min. 
both N, or both S. latitude, and on the fame meri- 
dian, it is plain their diftance on the glo'be would 
only be 60 miles, whereas on the chart it is 120 
miles 1 but on all Mercatar's charts there are di- 
redtioos how to find the true diftances, which will 
admit of four cafes. 

Case I. When the two places are upon the c- 
quator, the diftances are true, for here the degrees 
arc 60 miles each, and the equator is divided into 
degrees^; and where the fpaces will admit thefe are 
fubdxvided into minutes, which ferves for a fcalc 
for the chart. 

Case 2. "When the two places are on the lame 
meridian, find the latitude erf each, the difference of 
latitude converttd into miles, multiplying the 
degrees by 60, gives their triK diftance. 

Case 3. When the places are in different lati- 
tudes and longitudes as I K, K L, (^c. firft find 
the difference of laritude as before, and convert it 
into miles, which call the proper difference of la- 
titude, and take it c^ the equator. 

2dly,. Lay a ruler over both places, and take the 
proper difference of latitude with a pair of compaf - 
fes ; put one foot to the edge of the ruler and move 
it along the edge till the other turned about juft' 
ij^uches any £ and ^ line on the chart j then ftop 

the 
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the fooc at the edge of the ruler, and open the o- 
thcr toot to the point where the edge of the ruler 
cues the parallel •, this ineafured on the equator 
gives the ti'ue diftance ; thac is to fay, that whicii 
tan be Tailed by the compais. This is evidently 
the fame as proje6ting Uie triangle on Mercafor'^ 
chare 

Case 4. When the two places are in the fame 
liidtiide as A and Qjn the parallel of 50, or b and 
M in the parallel of 61 ; litre is given their differ- 
ence of longitude-, fo their difference may eafily 
be had by calcuJaiion^ as in the preceding fe^tion y 
but if it be leqiiired Co meafure it on the chart, 
tirft tike, with a pair of compaiTes, one degree of 
the nitridian at the parallel, that is from 49 deg. 
30 min. to 50 deg. 30 min. i( the places be in the 
parallel of 50 deg. or from 60 deg, 30 min. to ■ 
61 deg. ^0 mKi. if the places be in the parallel of 
6r- Then count how many times that extent of 
ihe compafTcs, which is a degree of the meridian ■ 
at that parallel, will be contained betwixt the two 
places, and this multiplied by 60 gives the diftance 
in miles, and if it does not meafure it exadtly»that I 
is to fay, if the diitance betwiKC the places in the 
parallel be any number of whole degrees of the 
meridian, and fomething more, take that over- M 
plus in the compaffes and apply it to the graduated " 
meridian, fo that one toot of the compaffes may 
be as many miles below, as the other is above the 
parallel, fo fhall the miles betwixt the feet of die ^ 
compafies be the odd minutes, and when added to | 
the former converted into miles, will give the true 
diftance. If it be required to a greater exaiflnefs, 
projeft a triangle as in the 6Eh Cafe of Mcrcatar 
tor finding the diftance from Q^to A. This m*y fl 
be done by laying a ruler over one of the places* fl 
in fuch s. manjiLT thuc the sngk ii makes witli the I 

parall«l- I 
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parallel, may be the fame nUmb^r of degrees as the 
complement of the latitude ; as fornample, fuppofe 
two places r and /, both in 56 d^- 15 tnin. North 
latitude, and their departure required : As there are 
feveral compafies on every chart, the N E by E 
rhumb line, makes an angle of 56 deg. 15 min. 
with all the meridians, ^nd of confequence, an an- 
gle of 33 deg. 45 min. with all the parallels, which 
IS the complement of the latitude, fq it i^ only 
laying the ruler over r, parallel to the N E by E 
rhumb line, and then placing one foot of the com- 
paffes in /, open the other juft to t6uch the edge 
of the ruler, which, meafured on the equator, will 
give the true diftanco, and in this cafe will itach 
from t to s. Upon the plain chart, there is gene- 
rally a fcale of miles or leagues* .by ^hich the dif- 
Unces of places may be meafured: And as to the 
beatings, or the courfes from place to place, it is 
only laying a ruler over the two places, and the 
rhumb line parallel to the edge will give the courfe. 
The mariner having thus found the courfe and 
diftance to hts intended port, either by the tables, 
or tiw chart, in proceeding on his voyage he al- 
ters his latitude and longitude, and muft therefore 
find the latitude and longitude the fliip is in every 
day 4t noon j and this is performed by the firft 
Cafa of Met€atar\ for the courfe is given by the 
compafs, and the diftance by the log-line, but then 
as a fliip may alter her courfe perhaps every hourj 
it would be an endlefs labour to project every fin- 
gle courfe and difbnce, or to find the latitude and 
longitude by calculation. In pradicc, the various 
courfes and diftances are every 24 hours reduced 
into one fingle courfe and diftanccby the table of 
difference of latitude and dqiarture ; and this is 
what may be properly called working a travcrfc 1 
for as a Ihip fcldom alters her laatude above two 

O degrees- 
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degrees in 24 hours^ there will be no occafion to 
work for the difference of longitude to every Tin- 
gle coiirie and diftance 1 it will be fufficient after 
they are reduced to one courfe and diftance, to find 
cTie difference of longitude for the whole 24 hours, 
which may likewirebe done by this table. And as 
it is by this able the whole ptaiftical part of navi- 
gatioiv is performed, we ftiall here Ihew how it may 
be conftrudkil. 

SECT. IV. 

To make the Table c>f Difference of La.tilude and De- 
parture. 

This table gives, by infpeftion, the difference of 
(^latitude and departure to any courfe from i degree 
■to go,tor any diftance from 1 mile to loo-. Now, 
if the difference of latitude and departure be ca!ci>- 
-feted for 1 mile, to every degree and quarter point 
^fcf the .compafs, we fliall have the upper line of 
all the left hand pages in the table i the reft: of the 
lines are only fo many repetitions of the firft, which 
may be kmnd either by- addition or multiplication.: 
ih^ fecond is double the hrft ;■ the firft and fecond 
gives the third i thefirftraod third gives the fourth 
~id(. All then that is to be done, is to calculate 
for the firft line, which will be only fo many dif- 
ferent cafej of the firft cafe of plain failing, the 
courfe and diftance being- always given. Now as 
the diftance is always i, and the courfe always 
given, which fuppofc 28 deg. we fliall find 
the whole may be performed without any calcula- 
tion, for if we were Co work for it, the operation 
would be 

As radius lO.oooooo 

y Is to co-fine of 28 deg. 5.94.5935 

r»- So is diftance i mile 0,000000 

I 'iediSercnce of latitude. 
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I As the logarithm of i is o, it is plain wlien the 
I terms are placed as above* the fum of the fccond 

and third terms, will always be \tk than the Hrit 
, term, which ihews that neither ditferencc of lati- 
I tilde nor departure will be one mile. Let us then 
[fijppofe the mile to be divided into loooo equal 
! pares, we may then find how many of tlicfe will 

be in the difference of latitude and. departure, by 

^e following operation. 

Radius 10.000000 

I- Co-fme 28 deg. 9-9'l-5935 

bk' DiftsRce 1 0000 4- 00 0000 

^^^ DifFtfeiice of latitude S8.19 3-94-5935 

Now as the firft and third -terms are always cy- 
phers except the indexes, the fourth term will be 
the fame as the fecond, except the index : and as 4 
is always the index of the third, and lO that of the 
firft, inftcad of adding 4 to the index of the fecond 
term, and fubtf adting 1 from their funi, wc may 
iubtraft 6 from the indesi of the fecond term, as 
in the preceding operation, 6 from 9 remains g ; 
the fame as 4 and 9 is 13 ; and 10 from 13 re- 
mains 3. 

Hence the following general rule may be de- 
duQcd. 

I Look for the fine and co-fine of the courfe, 

either in degrees, or points of the compafs, in their 

proper columns, in the table of artificial fines. 

2. Subtraft 6 from the indexes, and find the na- 

I tural numbers corrclponding to each in tiie table of 

'logarithms, which will be the difference of latitude 

and departure, in tea thoufand parts of a. mile ; fo 

if the cot'rie be 28 deg. and the diftanceone mile, 

the difference of latitude will be 0.8829, and the 

departure 0.4695 ; but a& the table goes no nearer 

than tenths of a mile, if it is lefs than half a tenth 

is is not tcgardcd i and when more than a half, it 
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>s accounted one tentli more tlian is exprefled by 
the firft figure ; ib in the wble you will find if the 
Coiirfe he 28 deg. and diftance i mile, the dif^r- 
■ence of latitude will be .g, and departure .5. 

If the coLirfc is i degrete, and diftaiice i mile, 
the fine of the coiirfein the artificials is S.a+lS.js i 
SjbtrACbng 6 from the index, there remains 2, the 
natural number corrd'ponding to which is 174.5, 
and this, being lefs than one tenth part of a mile^ 
it is rcjee^fj, and therefore in the tabic, there is no 
departure i ugainft the co-fine of i deg. in the ardfi- 
cials is g.g^^934. ; the proper index after fisbtraifl- 
ing 6 wii) be ^, the natural number correfponding 
to which is 9998 ten thoofand parts of a mile, 
which is in effeft, i mile as in the table. 

Having thus found the differences of latitudes and. 
departures for i mile, from i degree to 45, we 
have them likewifc without any calculadon, from 
45 to 90 ; for if the courfe be 45 deg. the comple- 
ment isalfo 45, which makes the fine and co-fine 
the fame thing, and of confequence the difference 
of latitude and departure are equal j if the courfe 
be above 45, fuppofe 62, its complement is 28, 
of which we have t!ie difference of latitude and de- 
parture as before; now the co-fine of the courfe is. 
always the difference of latitude, and the fine of 
thiL courfe is always the dq>ArCL3re ; hence the dif- 
ferences of latitudes to all imder 45, will be the de- 
partures to their complements to 90, as in the an- 
nexed table. 






s8 Degrees., 


z\ pniiiis. 


3.9 Degree*. 


■-iv 


'lILt ti. 


1 

100 


Lai, 
1.7SSS 


Dep. 


Lat. 


Dep. 
04714 

47'>4 

L,U. 


Laf. 

8746 
r.7*5i 
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Uei>. 
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L»i. 


Dep. . 


0.93 90 
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[.7158 
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h-79 


0.5141 
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Lit 


U-c|'. 


0<p. 


LrLt. 


IJC1>. 


Lrtl. 


67 fltgrcca. 


5 J |)oJiiCs, 


61 Decrees. 


;{ l>l>IIII3, 1 
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By trorhparing the above with the table of diffi:r- 
eoce of latitude and departtire, in the books of Na-? 
vigarion, they will be found to agree exaftly. It 
would be H^MXst unneoeffary to caicuiate for iw^ 
mM^ tMs beihg Sufficient to demohftrate die ^tka.- 
cipld jftn which dit table as conftriiftcd. 

Xbt tabic being thus coaftroiSed, all the «<» 
of trigMiometry, where the bypothenufe iteei not 
exceed loo, may betlone by infpeftion, which fe 
the method always tifed in walking a dayS 'wtxk i* 
and becaufe the diftances to the ieveral {rourfd^ ikxe 
thetnoft part, feldom exceed I'OP, the error iti 64. 
hours will not be one tenth part of a mifei bat 
where the diftances ape larger, they may be taken 
<rfF in parts. We Ihall ilhiftrate this by wcjrkfflg' 
^ fix preceding examples, as in the feltoffing 
taHe. 

Courfbs. Dift. N. S. E.- W. 

W.N.W4W. 180 6o.e 169.4 

N,W. byN. 240 199-5 ' »33-4 

N. byW. 1308 ■• qoa.i 60.1 

North. 

S.E.byS. 

S.byE. 

South. 



pis'. Long. -Lor^g.ki 



Dift. 


N. 


S. 


E.- 


180 


60.6 






240 


199-5 


- 


1 


308 ■• 


gCKZ.i 






97 


97- 






iBo 




■60.6 


169.4! 


240 




*99-5 


133-4- 


308 




302.1 


60.1 


97 




97.. 





Lat. in 


Mid-Lat. 


« / 


/ 


5% I 


50 30 


54 2* 


52 41 


$9 23 


-56 52 


6x 00 




59 59 


60 30 , 


56 39 


58 19 , 


51 .37 


54 8 


50 





« 

4 

3 
I 

5 

4 
1 



27 
41 
50 

44 
J4 
42 



4 27 W. 

8 8 

9 58 
9 58 

4 14 

I 42 £- 
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I Tery particular in the log-book, and to preferve the 
©ptirations of every day'a work, co wMch the journal 
may refer for particulars. : 

It muft be obfcTved, ihit tke courfc fteered Is not 
*hc true courfc the ihip makes, and therefore the 
courfc fet down in the traverfe table muft be cor- 
rcfled by allowing for variation and lee-way. 

The VflfJatioH may be found by taking the fun's 
amplitude, at his apparent fifing or fetring, or by 
his azimuth, when above the horizon, as iKall be 
■explained iii the neirt chapter ; but wlien no obfer- 
vation can be made, recourie may be had to Mr 
Meuntaine'^ Variation- chart, which he has con- 
firuded with great accuracy from a collefition of 
near a hundred thoufand obfervations. 

There is yet no expedier.c found for difcovering 

*die CKa6t lee-way ; this muft thLTcfore be attained 
hy experience ; but it will very much aflill the 
judgment if the fhip's wake be fet every time the 
log is hove i which is practifed in fome ftiips, and 
a column on the log-board referved. for that pur- 
pole. 

After the variation and lee-way are determined, 
■we miifi: make a traverfe-table of fix columns ; in 
the firlt of which Tnuft be fet down the fcvcral 
courfes corrected, and in the ficond their eorre- 
iponding diftances \ we muft then find by the tablo, 
file dLlTerence of latitude and departure to every 

beourfe and diftance, and fet them down in their 

fcroper columns. — Now, if the fcvera! diflfercnces 

■ <^ latitude be of one name, viz. all north or all 
jbuth, their fum wiil be the whole difference of la- 
titude made the preceding 24 hours -■, but it they 

■ be of different names, the ditfcreiwe of their fums 
f-'will be the whole difference of latiuida. The ftme 

is to be underilood of the j^ffuartiirs. 

Tl« 
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The latinide the fliip is in, is found by fubrtraft- 
ingthe difference of latitude, from the latitude failed 
from, when failing towards the equator; or adding 
thereto when failing from it. In like manner the 
longitude is found by adding, or fubftrafting, ac- 
cording as we fail from or towards the firft meri- 
dian ■, but the difference of longitude mull be found 
by the following rule: as, was beforeobferved, ' 

1. Add the latitude at noon to that of the pre- 
ceding nooQ. 

2. Take half that fum, which call the Mid. Lat, 

3. Look for the middle Uotudet as if it wa^ a 
courfe, amongft the degrees in the cable, or the com- 
plement of the mid. lat. and find the departure in 
in its proper Column. 

4. Find the departure in the latitude column, 
correfponding to the middle latitude, now fuppofed 
to be a courfe, and the diftance correfponding there- 
to will be the differicnce of longitude, . 

Having thus found the latitude and lon^tude the 
fhip is in, the courfe and diftance to any port may 
be caGly found, for the difference of latitude and 
difference of longitude may be had by fubftra6tion, 
and the departure may likewife be found by the fol- 
lowing method, viz. 

1 . Add the Jat. of the fhip and port into one fum, 

2. Take half that fum for the middle latitude. 

3. Look for the middle latitude as if it was a 
courfe amongft the degrees. 

4. Find the difference of longitude in the diilancc 
cohimn correfponding to the middle latitude con- 
verted into a courfe, and the difference of lat. corre- 
fponding to tliat dil^ance, will be the departure i fo 
that this is only the reverfe of the rule for finding the 
difference of longitude. 

The following example contains all the varieties 
in a day's work. 
. P H. 
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Couffe 
correfted. 



S. ^E< 

S.W.*byS|W. 

S.byW.iW. 

S.byW.^W. 

S. ■ W- 

S.byW.-^W. 

S.E.byS.^E. 

Courfe 

made good. 



pift. 






in 






miles. 


N. 


S. 


iS 




17.8 


41 




3a -9 


12 




11,^ 


8 




07.8 


6 




06.0 


6 




05.8 


»7 




15-4 


15 




II. 1 
D. 


Dift. 




kt. 



E. 


W. 


02,6 

07.3 

lO.I 


24.-4 
04,0 
01.9 
00.3 
01.5 


32. f 
20.0 


20-0 


Dep. 



S-y^oolW. 



I] 



o| 



j io8.i| j 12. 1 



Lat. lailed from 
D. Jat. S. 

L.ac. per account at noop 



49' 57^ 
I 4S 

48 Og 



Sum of ht. 
4-Do.is theM. lat. 



98 06 
49 ^'S 



Mid. ktldep. in lat. col, 1 in Dift. Col. is 
49 j 1 2 I the diff". long. 

Long, failed irom 5 14 



o" 19' 



Long, in at noon 



S3 



The fliip is fiippofedto fail from ilie LizarJ, zad 
.miiit have failed S by W to the place fhe was in at 
2 o'clock, becaiife it then bore N by E. The va- 
i-Jteonis I j points wellcrly, which muft be allowed 



loS Of weriing a Day's fVork. €n\v. V, 
to die left hand, and makes the courfe corredtedj 
S. ^E. jS miles diftantv then fteered S. W. by 
W. oil 8, vUh a krge wind, allowing variation, 
makes S. W- by S, ^ W. 41 miles j from 8 co 10 
the makes 1 4- points leeway, corr'&fted by varlati* 
on, is S. by W. ^ W. 12 miles ^ from 10 to la 
leeway and variation allowed, tlic courfe correft- 
cd is S.by W. 4 W. 8 miles -, from 1 2 to z, 4 points 
keway, with the variation is S. ^ W. 6 miles j from 
2 to 7 lay to, the middle point betwixt her falling 
off" and coming up is W. allowing 5 points leeway 
with the variation makes S. by W. \ eftimating 
her drift i 4- niiles per hour ia 6 miles ; from 6 
to 10 allow 1 4 points leeway, but the variation 
beii^ the contrary way, makes the courfe correfted 
S, S. E. -J- E. 17 miles i from 10 to 12 goes large, 
fo there is np leeway, and allowing variation makes J 
the courff S. E. by S. -^- E. 15 miles. The courfes " 
being thus correfled, and the difference of latitude 
and departure to each being fet down in their proper 
columns^ the fum of the wefldngs is 3 2. i trom which ■ 
fubtra<SingthefLim of the Eaftings 20.0 there remains \ 
1 2. r the departure Weft, The fum of the Southings 
is loS.i the difference of latitude, and becaufe thefe b 
are too Urge for the tables, take their halves, the \ 
nearcft to which is 54.6 difference of latitude, and 
6.7 departure, the coorfe correfponding to wl^ch 
is S, 70 deg. Weft, diftance 35, and this doubled 
makes 1 10 as per column. 

In order to find the latitude, fubtrad the differ- 
ence of latitude made from that tailed from, be- 
caufe the fliip is in Nprth latitude, and failing to 
the fouthwara, which makes the laticude by account 
4S deg. 9 min. To find the difference of longi- 
tude, the mid. Jat^^ is 49, aa to the odd minutes, 
they need not be regarded, look therefore for 49 de- 
grees in tiie »bl?. which wiU be at ihe bottom qt 

tlie 
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the book, and in the latitude column correfpond- 
ing thereto, find in which is the departure, but 
12.5 is the neareft, the diftance correfponding to it 
is 19, which h the difference of longitude, and 
bccaufc the fliip is in weft longitude, and failing to 
the weftward, it rauft be added to the longitnde 
iailcd from, which makes the longitude the Ihip is 
in 5 deg. 33 nun. 

Now having the latitude and longitude the fliip 
is in, to find the courfc and diftance to any other 
port, fuppofc Cape fimjier, ufe the following me- 
thod as in the operation : ifi. Find the difference 
of latitude and difference of longitude, which con- 
verted into leagues is 98 the difference of latitude, 
and '89 the difference of longitude, zdy Find the 
middle latitude, which is 45 deg. 33 min. or 46 
dcg. aearcft, this will be found at the bottom of the 
tabifc %dt Look for 89 (the difference of longi- 
tude) in the diftance column-, and in the latitude 
column cofrefponding to that diftance, and 49. deg. 
you will find 61.8 ; but in 45 deg. (ot which is the 
fame thing 4 points) is' 62.9, fo we may call the 
departure 62 miles, and difference of latitude 98^ 
the halves of which are 49 and 31, the neareft to 
thefe in the tables is 49.2 difference of latitude, and 
30.7 departure, which makes the bearings ol Cape 
Finifier S. 32 deg. W. diftance 58 leagues, which 
doubled is 116.. 

Ship bt. 48« 00' N. long. 50 33'W. 

Cape Unifier ' 43 cfi _ N. 1 00 W. 

.Diff. lat. 4 54— gSleg. D.ten^. 427— Sgieg. 



Suinlat'.9i 06 I Diff. long. 
iisM,!at.45 33! 89 



D^. I DifF. Ut. I Dili. 
62 I ^8 [ I i61gs 



Bearings 
S320W 
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In this day's ivork, we find an error of 9 miles 
in the hticiide, -wliich is corrected by obfervation •, 
and tho' it is very probable there may likewife be 
an error in the longitudf, yet, till the Jongitude can 
be foLind by obfcrvation at fca, we muft take that 
by account, which, it is prefumed, will be lafcr 
than correlating by the common rules i for a cur- 
rent fttting S. E. or S.W. about half 3 niile in an 
hour, would make the latitude obferved agree with 
that by account ; and if we happen to millake the 
current by allowing S. E. when it is S.W. we make 
an error of 26 miles j whereas, ifwetnill to our 
account, the error will be only 1 3 miles. We ate 
indeed fure, that 'thii diftance by account is too 
ibort ; but whether that be owing to die line, 
glals, or current, is very uncertain. . If the drift 
und ietcing of the current could, by any expedient, 
be founds every time the log is hove it might be 
accounted for, as if it were a courfe and diftance, 
and fet down with the other courfes and diftanccs 
m the traverfe table. 

After working each day's work from the log- 
book, they may from thence be transferred into the 
jcurnal, the form of which is hereunto annexed. 
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Of finding the Latitude and VarUtkn of the Ompap 
by Cdefiiai Ohfervatioji. 

WE have, in the preceding chapter, (hewn 
how to find the latitude and longitude tbe^ 
Ihip is in every day at no4n, and likewife, from 
thence, to find the courfe to any port, which is 
what was at firil propofcd to be pertbrnied by the 
whole arc of navigation ; but, there are two dilE- 
[Culcies which feem to be infurmountablc -, and yet, 
if not removed, will deftroy the very foundation of 
tlie whole ftrufture. The firft is, that the circles, 
from whence the latitudes and longitudes are ac- 
counted are are only imaginary on the furface of 
the earth, and therefore invifible; how then is it 
poiTible to know, when we are upon the equator, or 
firft meridian, or what diClance we are from either ? 

In antVcr to this, it was obfervcd in geography, 
that all the circles which are drawn on the terreftrial 
globe, are likewife drawn on the ccekftial. Now 
the heavens arc vifible, where we aiSually fee the 
fun and ftars every 14 hours defcribing circles. The 
fun, when in the equinoftial, which happens twice 
every year* by the diurnal revolution, eitlier of the 
earth or fun, defcribes the equator in the heavens \ 
and altho' all aftronomers allow the motion to be in 
the earth, becaufe they cannot by any niachinery 
exhibit die various appearances of all the pUnets* 
fuppofmg the fun to move round the earth; yet, 
as. we confider only the different appearances that 
the fun, or fixed liars, make to the inhabitants of 
this earth, we may vlt/ fafcly allow the fun to 
move round the earth as it a<5tiially appears to our 
fenfes, which may be exhibited by a fimple machi- 
nery of paftboard. 

SECT, 
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5f CT. I. tofindthf Latitudt hy Ohfervatjon. 1 1 1 

S E C T. I. 

To find the Latitude hy Obfervation. 

I^t Z P O Qja S H ^, be a meridian in the 
the heavens, P the north and S the fouth pole. 
3>tABCDEFGK, be the eatth. To an inha- 
ftritant any where upon (he earth's fuHace fuppofe 
at A i ("the whole hearens together with^ the fun 
and ftara would appwr to more round eveiy 24 
hours % the point P feemingly immoveaWe, always 
appearing lo him. at the fame elevation^ which mult 
therefore be the codeftial pole, and P S the axis 
paffing through the center of the earth > then will 
B be the north, and F the fouth pole of the earth; 
KX> the equator, on the earth, which, if prodoced 
to the heavens, would be ^ Q^ the equinoftia^. 
The arch K A, on the earth, wotifd be the latitude 
of A ; and Z the zenith t It h cfvident the archA 
KA and X JE contain the fame ntimbct of de-; 
grees ; and as the fpeftator moves either towards 
K or ^ he will have a new point in the heavcnsf 
4or his zenith juft as many degrees diftant .from Z 
as he has moved from A. Now let us fuppofe the 
■fun in the equinodial, or a ft^ Wffl>le ift the pple.^ 
We m^y tiicft, by an inftrument, ta^e the degrees 
the fun is diftant from Che zenith, or iChe degrees 
the pole is elevated above the horizon, and either 
jof thefe will give us the latitude, for thefe two arches 

aee equal, pixxh-nt ^T ^"^^ 

Now, though there is no itar in the pole, neither 
is the fun in the eqirinoftial but twice iri the year, 
yet as the fuo's declination, and that of feverat ftars 
,is known, the latitude may be had byrhe following 
jules i but il is to be obfcrvcd, the fun's meridian 
altitude, or zenith diftance, muft firft be obtained 
%y a quadrant or fome other inftrument, and becaufe 
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the fun and ftarsin fome latitudes perform their di- 
umaJ revolutions above the horizon, whereby they 
will be twice on the fame meridian in i^ hours,, 
once abovt, and once below the pole, it muft be 
tnown whether they are at their greateft or leaft al- 
titude; and Ukcwife, whether we are in Ibiith or 
north latitude at the time of obfervation. 

Case I. Latitude and declination botli north, 
and zenith diftance, fouth ; or both fouth, and 
zenith diftance north, add the declination to the 
?:enith diftance, thefum is thelatimde. 



Example i. 
Decl. iz" i8'N. 
Z. dift. 26 20 S. 
Lat. 48 38 N. 



Example 2. 
Decl. z 
Z.Dlft.j 
Lat. 



« 16' N. 
i^ S. 

3 28 N. 



Case 2. Declination and zenith diftance both oP 
one name, that is both rorth, or both fouth, and the 
latitude of a contrary name, fubcraft the zenitf^ 
diftance from the dcclinadon, the remainder is the 
latitude. 



Example i. 

Z.Difl:. 70° 56/ S. 

Decline 22 18 S. 

48 38 N. 



Example 2. 
Z. Dift. -« 
Deciin. 
Lac. 



5' 
2 



S. 

_ ^• 

28 N. 



44- 
16 



Case. 3. Latitude, declination, and zenith dif- 
tance, all three of one name, this can only hap- 
pen to thofe who are within the tropics ■, and the 
latitude is found by fubtraftlng the zenith diftance 
from the declination. 

Example. On the 20th of May., 1759, the 
fun's meridian altitude, 74, deg. 26 min, and at the 
fame time to the northward of me -, required the 
latitude ? 

90 
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go DecUn. by the table 20 o N 



Mcrid. Alt. 74 26 
Z.Difl 1534 



Zenith dift. 
Latitude 



'5 34N 



4.2 



en 



In all the preceding examples the fun is fuppo- 
fed Co be sJao^t the pole -, but when the fun or ftar 
is below the pole, to the altitude, add the comple- 
ment of the declinationj and their fum wilt be the 
latitude. 

Example. Obfcrving the Opper ftar of the two 
laft in the (quare of the Great Bear to be 18 deg, 
■?4 min. above the horizon ; required the latititdc ?, 
i find by the table, the ftar's declination is 58 deg. 
34 min. ', the complement is 31? 26' N 

Altd. jj 34 

Lat, 50 00 N 
The latitude and declination may likewife be had, 
by obferving the greateft and leaft altitude of any 
ftar which makes an entire revolution above the ho- 
rizon in 24 hours -, as in the following examplci 
obferving the aforefaid ftar's zenith diftance to 
beg deg. 34 min. the complement 81 deg. 26 
min. is the altitude. 

Leaft altitude 

Greateft 

Sum 

4 fu mis the lac. 50 

bimojijlratian. Draw the circle, and quarter it 
as before ■, and becaufe H is the fouth point of the 
horizon, and the fun to the fouthward of the ze- 
nith, in the ift and fecond cafe, lay off z6 deg. 
20 min. from Z to Rj which will be the fun's 
place in the heavens at the time of obfervation, and 
as the fun has north declination, it is certain the e- 
quinodial muft be to the fouthward of the fyn, 
therefore lay off 22 deg. 18 min. the declination 

from 



81 26 

100 00 


Greateft alt. 81 26 
Leaft iB ^4. 
biff, 62 5 i 


50 00 


-i is com. dec. gi 26 
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from R to^; fo (hall Z ffi, be the latitude, the 
fvim of Z R and K M\ again, in the zd cafc^ 
7-p dcg. 56 min. is the zenith diftance which mufl 
belaid off from Z tt> U, and becaufi; the dtcJina- 
tion is fouth, the fun muft be to the northward of 
U, therefore laying off aa deg. iB min. trom U, we 
(hall have jE Z the latitude, which is the difference 
bctwLxt the zenith diftance and dccUnation. In 
the 3d example, Z r is the zenith diftance, and r**" 
the declination, fo ihall rfZbethe latitude. 

"When the ftar makes an ?ntire revolution above 
the horizon, the zenith diftance, at the time it Ls a- 
bove the pole, is Z 4 and the altitude, when below 
the pole, is O 5, and drawing the dotted line which 
is bifefted by the radius C^, we Ihall have Op tlie 
lar. and^ 4, or p 5, the complement of the decli- 
nation, and ii is plain this is half the arch ^p 5 the 
difference betwint the greateS and leaft alritiide. 
That the elevation of the pole above tlie horizon 
is equal to the latitude, may be thus proved ; the 
arch IS. Z» and Z P, make go degrees, but the 
arch Z P and P O are 90 degrees, therefore M Z, 
the latitude, is c<}ual to P O the elevattoft of the 
pole. ^^^/.^^.J-^.j /".^ 

s 51 c T. n. 

Of the Right AJimJion of the Sua and Stars. 

The aftronomers have calculated tables of the de- 
clination of the fun» and of all the remarkable ftars -, 
but if we do not Icnowat what hour the ftars come 
to the meridian, we Ihall be at a lofs when to begin 
to obfervc; to remedy this, the right afcenfion of 
the fun and of all theie itars are likcwife colleftcd 
into a table ; fo the hour that any ftar comes upon 
the meridian may eafily be foundr 

2n 
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In order to give us a clear idea of the right afcen- 
fion of the fun or of the ftars, it will be necefiary 
to obferve, that their apparent motion is_^ from Eafl: 
to Weft i the ftars rife and fet all the year, at leaft 
nearly, in the fame Jroints of the horizon, fo their 
declinations may be allowed to continue the fame, 
and of confequence may be fuppofed fixed in the 
heavens, on each fide of the equinoctial ; and the 
whole heavens, tt^ether with the cquinodial, fun 
and ftars, performing an entire revolution in 24 
hours. The ftars wili return to the meridian in the 
£ime fpace of time they performed th?ir revolution 
the preceding 24 hours -, but this is not the cafe 
with the fun, for he has an apparent anniial as well 
as diurnal motion j fo that he cannot, like the ftars, 
be a fixed point in the heavens, elfe he would like 
them rife and fet always in the fame point of the 
horizon; and that it is not fo, is .evident to every 
man's obfervation, witliout the afliftancc of any in- 
ftruments. 

The fun's annual motion is from Weft to Eaft, In 
the ecliptick, which is a great circle in the heavens, 
interfefting the equinoftial in two oppfcfite points, 
at an angle of 23 dtg. 29 min. Thefe points aftro- 
nomers call /iries and Ltira j and as the fun is al- 
ways in the cclipdck, and performs a revolution in 
it once a year ■, he will be twice in the equinodial 
every year. Let us then ftippofe him in ^riis the 
2ift of Mar(bi and at the lame time on our me- 
ridian. 

Now before the heavens has made one entire re- 
volution, the £un has moved near a whole degree 
eaftward in the ecliptick, fo that when /Iries comes 
next day to the meridian, the heavens muft turn 
near a whole degree more to the weftward before 
the fun comes to our meridian : Hence the point' of 
the equino^al that comes to the meridian with the 

fun. 
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fun, will be near a whole degree further from ^" I 
rieSy than that point of the equinoftial which was on I 
the meridian with the fun the preceding day^ and I 
fo tke fun will be conrinually moving further from ■ 
Jries, till, having performed his annual revolution, 
he again returns to the meridian with juries. M 

It will be eaiy now to conceive what is meant by ■ 
the Ibn or ftar's right afcenfion ; for it is the de- 
grees and minutes of the equinoctial intercepted be- 
twixt die firft point of ArieSy for rather the point 
where the ecliptick interfefts the equinoilialj and a 
meridian paffing through the fun or ftar. 

The right afcenfion of the fun and ftars in the 
tables is given in time, allowing i /j deg, to one 
houti which makes one degree of the equinoftlal 
four minutes of time, and as the lun's right afcen- 
fion, is given^ when it is on the meridian at noon, 
it will be eafy to find the hour when any ftar comes 
on the meridian: Forfiippofing the ftar's afcenfion 
15 degrees, or one hoLir, and the fim's afcenfion 
two hours, it is plain the ftar will come to the me- 
ridian one hour betore the I'lm that is at n hours 
after midnight, but if the ftar's afcenfion be 14 
r hours, and the fun's 13, the ftar will come to the 
"mtridian one hour after the ^un^ that is at one hour 
after noon ; hence 

21? fnd the Time of any Siar^s coming tCi tht Mi- 
t- vidian. 

Rule, Subtraifl the fun's riglit afcenfion from 
that of the liar, or if the ftar's right afcenfion be 
'\c[f. than tile fun's add 24 thereto, and the re-- 
mainder is the time of the ftar's coming to the me- 
ridian from noon -, if the remainder exceeds 1 2, 
fubtratl 1 2 from it, the laft remainder is the time 
from midnight. 

Extmt- 
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Example i. "What time will FomelhauU come to 
the meridian the'aiftof O^oher. 

Exampt 2. What time will the Bull's Eye come 
(o the meridian the 26th of O^ober. 

H. M. 

Frotp ftarsafcen. 22 40 

Sub. Suns. 1 ^ 44 

Hour from noon ~8 56' 

H. M. 

To ftars afcen, 4 ai 

Add 2 4 00 

28 21 
Suns afcep. ix o^ 

14 18 
3ubtra<5t iz 

Hour from mid. "2 iS" * ■ 

Having thus found at what hour the ftar comes 
to the meridian, its altitude may be taken, and the 
latitude found as before directed, wlien the obferva^ 
tlon is by the fun. 

As it frequently happens that the heavens are 
fome times pbfcured, it will be necel&ry to know 
whatftars comcupon the meridian when an obfer- 
Vation may be had, for which take the following 
rule. 

fo find what Star will come upon the Meridian at a- 
»y propofed Hour of the Night. 
Rule. To die fun's right afcenfion add the time 
from noon at which the ftars coming to the meridi- 
an is required, their fum is the right afcenfion of 
the ftar that comes upon the meridian about that 
time, and this being found* in the table, the ftar 
cprrefponding thereto will ly that required, and 
proper to obfcrre by- 
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Example. What ilar will caine upon the meri- 
dian the 7th of .iTT// about 8 at nighc ? 
H. M. 
Sim's afcea 
■ Time from noon 

Suirs afcen- y 4 

The nearefl: in the table is 9 h. 14 m. the afcenfion 
of Hydras heart, which therefore comes upon the 
mcritlian at 8 h. 10 mLn. 



SECT. IIL 

Of the Vatiaiis}! of (he Compafs. 

The compars is the only inftrument the mariner 
has to diredt his courft! -, but if tht' magTn.'elclc nee- 
<He does not poiot oat the true inericlian, which is 
irequently the cafe, he will be Icd'lnto a very great 
error if the variation is not known. 

Now if the iiin or flar be on the meridian when 
the altitude ?3 not above 15 degrees, the bearings 
rviay be taken by an azimuth coinpafs, and the va- 
rjat'on the;tby difcovered, this can happen by tlis 
i\in only to thofe who lire witliin the polar cir- 
cles ; we fhjjr therefore fhew how it may be found 
by the fun's amplitULte and azimuth. 

Wb«i thefim is in the equuioftial, it rifes in the 
];.aJl:> and fets in the Wt-ft, and then it has no am- 
plitude y when it has North declination, it rifes and 
lets to the Norrhw£«-d, but wJkh South declinati- 
on, !C rifes and fcts to the Southward of the Eaft 
and AVcft, and the degrees of the horizon intercep- 
ted betwixt' the Eaft, and the fun when rifing, or 
the Weft when fcttiug^ is the fun's ampntudc. 

PROBLEM I. 

The Jatitude and fun's dcchaation gi\Tn -, to find 
his amplitude. 



Sect. lU. Of the Sun's /fjUplttude. 

Example, Latitude 48 deg. 38 min. declination 

2 2 deg. 1 8 min ; required the fun's amplitude? Or, 
which is the fame thing, courfe 48 deg. 38 min. 
difference of latitude 3795 ; required the diftance?. 

As TO-fine kt. 48 ? ^ 8 ' 9.82012 

Is to radius 10. 

So is fine dcclirl. 22 S 18' 9.57916 

To fine ampl. 35'' 3' 9.759O4 

As cO'fine courfe 48" 38' 9.82012 

Istoiadius 10. 

So is diiF. of lat. 3795 3.57921 

, Trt dift. 5743 ^''i59°9 

'DemonjiraHati. R T, the parallel of dedinati- 
on, if Northi cuts H O, the horizon in X, fo 
ihall C X be the amplitude equal to C Y, when 
the declination is South. Plate V. pig. i. 

In the right angled triangle, C/X, equaj C Y; 
the angle at C is 48 deg. 38 min. that being the 
latitude^ of which the angle at X is the comple- 
ment Now, if we call the angle /C X the courfe, 
and C/ the differenceof latitude, C X -will bethe 
diftance, but C/is the natural right fine of the de- 
clination, 37951 and, as we obferved before, we 
fliall have no occafion to ufe the natural fine, for 
it is plain* by the preceding operation, we take 
its logarithm, which ma/ be had in the artiiicials, 
fo the proportion will be, as above, co-fine latitude, 
: R ; : fine declin : fine ampU 

In this example, the true amplitude is 35 deg. 

3 min. but if by obfervation it be found 16 deg. 
3 min. Northerly or Southerly,accordingasthetruc 
is, their diiference 1 9 deg. is the variation ; but if ei- 
ther the true or magnetick beN. and the other S. 
as fuppofing the true 6 deg. 14 min. South, and 
ibe magnetick 5 deg. i min. North, the variation 



R 



^ 
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is II deg. 15 min; after the variation is found, the 
courfe may be corrected ; for the true courfe will 
be to the left ot that ftcered when the variation is 
Wcfterly, but to the right when, EafterJy, and to 
know whether the variation is Kafterly or Wefter- 
ly, take this general rule. 

When you are looking to the fun at the time of 
obfervarion, if the magnetick be to the right of the 
true, the variation is Weftcrly ; but if to the left, 
Eaftcrly ; chus> in the preceding example, if the 
amplitude was taken at fun rifing, the true would 
be E. 35 deg, 3 min. N, ai^dtlie magnetick being 
E. 16 deg- 3 min. the variation is 19 deg. Weft- 
erly, and a {hip then fteering North, would make 
the true courfe N. ig deg. W. If the obfcrvation 
was at Am fctting, the true is W. 35 deg 3 min. 
N. and magnetick W. 16 deg. 3 min. the variation 
is Eafterly, and then the true courfe would be N. 
19 deg. Ei hence, if the variation is Wetlerly, it 
mufl: be allowed to the left, and if Eafterly, to the 
right of the courfe fteered. 

PROBLEM II. 

The latitude of the place, the fun's decimation 
and altitude given, to find his azimuth. This will 
admit of three different cafes, which maybe folved 
by one genera! proporEion j the third term of which 
mull be obtained by a previous preparation. 

As checomp. of thelat. and of the altitude are al- 
ways given, we have the fum or difference of theic 
two arches, by addition or fubtraflion, and of con- 
fcquencc the natural fine of their lum, or of their 
difference, and alfo clic nat. fine of thdr declina- 
tion may be had in the Cable. (See Chap. II!. 
Se^ft. 2. J and with thefe wc are to operate as the 
circumftancea require* 

Case 



i 



r 
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Case i. Latitude and declination both North or 
both South, and tht: obfervation taken in the fore- 
noon after the fun has paft the prime vertical, that 
is, the azimuth circle pafiing through the Eaft point, 
of the horizon, or in the afternoon before the fim 
comes to the Weft ; or, which is the fame thing, 
•when the fun is betwixt the mid day meridian and 
prime verticil. 

Here we niLift work by the nat. fine of the dif- 
ference of the two arches, zjz. the altitude and 
complement of the latitude j which is to be added 
to die natural fine of the declination, when the 
Comp, of the latitude exceeds the altitude: but if 
the altitude be greateft, the nat. fine of their dif- 
ference is to be fubtraded from that of the declina- 
tion, aod the fum or remainder will be the third 
term of the proportion. 

Case a- Latitude and declination both North, 
or bothSoiilht and the fun betwixt the prime ver- 
Cicai and m^idnight meridian. 

Add the altitude to the complement of the lati- 
tude^ and find the nat. fine of the fum of thefe 
two arches, from which fubtra^ the nat. line of 
the declination* and the remainder will be the third 
term of tlic proportion. 

Casi 3. Latitude and declination, one North 
and the other South, In this cafe die fun is always 
betwixt the mid-day meridian and prime vertical, 
and the comp. of the latitude always exceeds the al- 
titude, and when the difference of thefe arches is e- 
-quaj to the declination} the fun is on the meridian. 
Here tlien fubtract the natural fine of the declina- 
tion of the arches, fpom the nat fi ne of the difference 
of the arches, and thej-emainder will be the third term 
of tlie proportion. Neie, If the comp. of the lati- 
tude be equal to the altitude, the artificial fine of 
<lie dedinarion will be the third term of the propor- 
L tion : 
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tion: the general proportion is as co-fine of the al- 
titude is to the fecant of the latitude j fo is the thiid 

.term, found as before dire^d, to the verfed fine of 

'the azimuth. 

Jt is prefumed, that the variation may be ob-- 
tained to lefs than -J^ of a point, by Mr Msuntain^s 
variation chart i fo the obferver may know whether 
the fun is betwixt the mid-day or mid-night meri- 
dian and the prime vertical, even by the fteering- 
eompafs j however, if the refult of the operation 
JhouJd exceed the radius, from the natural number 
pf that logarithm fubtraft the radius, which is al- 
•ways loooajthe logarithm of the remainder will 

rbc the artificial co-line of the azimuth, which muft 
be taken fpm the midnight meridian, if we "ufe 
the nat. fine of the difference of the arches ; but 
if we work by the nat. fine of the fum of the 
f rches, the azimuth mufl: be taken from die mid- 
day meridian. It muft be obferved, if the third 
term confifts of four figures, 9 muft be the index 
of the logariihni j if three figures, 8 muft be the 
index ; if two figures, 7 j and when it is only one 
figure, 6 muft be the index of the logarithm. Hence 
we may deduce the following general rule : To the 
logarithm of the third term, with the proper indoc 
prefixed, add the artificial fecant of the latitude, 

' and from the fum fubtratS the artificial co-fine of 
the altitude, the remainder will be the logarithm of 

I the vcrfcd fine of the azimuth. If we have not a 
Table of verfed fines, we may fubcrad loooo from 
the natural number of its logarithm, and the loga- 

jrithm of the reminder will be the artificial co-fine 

-qf the azimuth, We ihall illuftrate the whole by 
an example in each cafe. 

Example i. Latitude 48 deg. 38 min. North; 
declination 22 deg. iSmin. North; altitude 41 dcg. 

t az min, equal to the comp. of the latitude ; therefore 
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co-fine altitude : fecant latitude : : fine declination: 
verfine azimuth. 

To third term line declifiatipn 22** iS' 9'579ifi 
gdd fecanc ktitude 48 3S 10.17988 

3um ^^ . *— '9-75904 

Co-fine aldtude 41' 22' 9*87535 

7651 N. verfine of azimuth 76 24 9.88369 
■ 2349 N. co-fine <rf" azimuth 76 24 9*37088 

Exan^le 1. Aldtude 15 deg. latitude and de- 
clination as before. 

Preparation, 
To complem. lat. 41" 22' 

9dd altitude ^5 00 



Sum 
peclination 



56 22 N. fine 8326 
22 1 8 N. fine 3794 



Difference of the fines 
■Secant latitude 48*' 38' 



Cprfine altitude 15 d^. 



Sum 



4532 9.65629 

10.17988 

ig. 83617 
9.98494 



^ipoN.ver-fineof amm.fi'omN. 73 8 9.85123 
390pN. cp-fipeof azim. fipm N- 73 8 9.46240 

Becaufe it may be doubtful on which fide (^ the 
prime vertical the fun may be, aC the time of obfer- 
yadon, ,we Ihall work this example by the Mat. finip 
pf the difference of th^ arches, 

Complement 



Comp. 1st. 
Altitude 

piiFerence 
Declination 



Stim of N. fines 
Secant latitude 



Co- fine altitude 
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41' 
15 



22' 
00 



?6 23 N.S. 4441 
ki ig N.S. 3794 



4S' 38' 



82J5 



12900 is N. number 

lOOOo 



2goo N. co-fine as before 



9.91566 
10. 1 798 S 

20.09554. 
9.9S494 

10.11060 



9.46240 



Example^. Latitude 48 deg. 38 min. North; 
Declination 21 deg. iS min. SoiitJi i altitude 15 
dcg. Required the fun*5 azimuth ? 

In this, and in all fuch cafes, the fun is betwixt 
tTie prime vertical and tbe mid-day meridian, ^H the 
time it is above the horizon ; and as the altitude can 
never exceed the complcmenc of the latitude, wc 
may ufe the difference of the fines. 

Comp. latitude 41*^ 22' 
Jiltitude •"" > 15 oo 



Difference 

Declination 



26 22 N.S. 4441 
2i 18 N.S. 37gt 

647 



Secant latitude 4S 38 

Co-fine altitude 15 dcg. 

1014 N. ver-fine of a5 deg. z min. 
891(6 Comp. a6 z 



8.81090 
10.17988 

i8.99078_ 
9.9 849^" 

9.00584 
9-95336 



r 
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After finding the true azimuth, tl»e magnetick 
niay be liad by obfervation, and the courie cor- 
re^ed as before by the ainplkude. 

Having now Hiewn how to liiid the latitude and 
variation of the compels by cceieftial obfervation, 
our next bulinefs thail be to conficler how far fucK 
obiervationa may aJIifl: us in determining the lon- 
gitude at fea : In order to whicJi, it is naieilary to 
know the exadt time even to minutes and leconds 
of an hour, both at the place the (hip is in, and 
likewife of fome other place* whofc longitude i» 
known j and that at die very inftant of time the 
obfervation is taken ; "We ihall therefore ihew how 
to find the hour at fca , 

PROBLEM m. 

Latitude, altitude and declination given to find 
the hour ^ in this we Ihall make two different cafes, 
which may be iblvcd by one proportion ; but here, 
as in the azimuths, the third term mufl: be found 
by a previous preparation, which we fliall illutlratc 
by the fame exarnplcs taken before for the azimuths. 

Case I. When the obfervation is taken before 
fix in the morning or after fix at night, fiibtrait 
the declination from the comp. of the latiLude, add 
to the nat. fine of the remaining arch, a3ti the 
nat. fine of the altitude, and their fum will be 
the third term » this can only happen when the h-- 
titude and declination arc both North or both South, 
as in the 2d example. 

Case 2- When the obfervation is taken after fix 
in the morning, or before fix at night, is in the ifl: 
2nd ^d examples, fiibtnw5l the nat. fine of the 
prefcnt altitude, from the nat. fine of the mcri' 
dian altitude for that day, and the remainder will 
be the tliird term ; if it be doubtful whether it is 
paft fix or not at the time of obfejvatior^, we may 

u& 
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ulfrither of thefc ; and if the refult fhould exceed 
the radius, fubtra£t the radius from it, as before for" 
the azimuth, and the logarithm of the remaindef 
will be the artificiai fine of the hour before fix, if 
we work by the difference of the nat. fines of 
the prcientand meridian altitude; but if we work, 
by the fum of the fines as in the preceding cafe, it 
will be paft fix. After the third term is found, 
ufe the following proportion ; co-fine decfin : fcft. 
lat : : third term : ver-fme of the hour. Hence the 
following general rule. 

To the lo^nthm of third term, add the artifici- 
al fcift- of the latitude, and from the fum fubtrafl 
the artificial co-fine of thedecUn. and the remaind- 
er will be the logarithm of the verfcd fine of the 
hour. Plate V. Fig. i. 

ExamM-b 1. 

H ^ compJac. 41? a2?N 
^Rdeclin. 22 18 N 



H R mer. alt. 63 40 N. S. 8962 
H M. pte. alt. 41 22 N. S. 6609 



DifT. fines is the third term 
Secant lat. 48 deg. 38 min. 



2353 



9.37164 
10.17988 



Slim 

Co-fine declin. 22 deg. 1 8 min. 

N. ver-fineof 52" 02' is 3848 
^,Comp. is 37 58 N. S. 6152 
5t deg. 2 min. is before 12 
37 deg. 58 min. is after fix 



2 h. 



9.5166241 

9.58526 
9.7890* 

2S m. 8 i". 

31m. 52 f. 



£0 the hour at the titne of obfcrva- 
tion is 8 h. 
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Comp. lac. 41S 22^ N ' ■" ■ ■ ■ '-' 



Rem." 19 04 W. S. 3267 

Pre. aJt. 15 00 -N. 8. -258* ■ ■ -. 

Sum of the fines 5855 9-76752 

SeA. iat. 4S 4eg. 38 mm. 10. 1 7988 

Sum 14.94^40 

Co-iine dedin. sadeg. 18 mm ^'96624 

» III 

N. TOr-fineof 87 drg. 34 mm. is 9576 9.98116 

Comp. is 2. 26N. S. 424 ^.$2737 

Here 2 deg, 26 mm. bdkde fix o h. 9 M. 44 f. 

^^^ jt^%. paft midiuf^e 5 h. 50 m. 16 f. 

"^ 6 ii. o milk o f. 

EXAUPLI 3. 

Here the meridian altitude is tKe Tame widt die 
zemainder in the preceding. 
Meiid^ak. 199 4'N.S. 32^7 
Prej«lt. 15 00 N, 2j88 

Diff.offinCT ^^79 

Co-fine decUi). 22** ifi' g. 96624 

Seft.Iat. 48 31 ■ ■ |.£>.J798? 

Diff. Sines 679 .^ 8,83j57 



N, ver^fineof 27** ijs'U Xiio -. 9.04551 
Comp. is 62 45 N. ^. 8S90 9.94890 

DemMffir^tm- Draw the parallels of ^itude 
£ K, and A B, alfo the parallels of declination R T 

S and 
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and U V, fo ihall D be the fun's place in the hea- 
ven, ac the firft obfervarion; IE D the verfed fine 
of [he azimuth to the radius M G, and R D the 
verfed fine of the Iiour, to the radius R/, and 
drawing an azimuth circle through D, it will in- 
t«rfed: the horizon in F, fo Ihall C F be the co-fine 
of the azimuth, which may be meafurcd on the 
line of fines, but this may be done without drawing 
theaeiniuth circle. Thus, ift,Drawaradiustomeec 
-the parallel of altitude in the circumference, which, 
in the lit Example, wiU be CiE, becaufe the com- 
plement of the latitude and of the altitude are e- 
qual. zdly, Draw D E parallel to C Z, to inter- 
iea C M \nh-\ fo fhatl Ci» be equal to C F the 
co-fine, and JE h equal to H F, the verfed fine of 
the azimudi, tor as the radius ot any parallel of al- 
titude is to the radius of the horizon* fa is the 
fine of any arch in the prralkl of altitude, to the 
fine of a fimilar arch in the horizon i (feeCbsp. HI. 
Se^. 11.) now the triangles JECG, and MhTi being 
limilar M G : fche radius of the para! lei J ^ C : : 
(equal C H the radius of the horizon^ ^ D : jE i» 
the verfed fine of the azimuth \ again in the triaa- 
gle iE jt D, the angle i ^ D ia eqLial to the angle 
PCO, the given latitude, for ^^ is parallel to 
PC, and /E K to H O •, the fide /£ D is the verfed 
fme of the azimuth to the radius ^ G ; the fide 
jE i is the right fine of the declination, therefore 
making M k radius, M D wlU be the fecant of die 
latitude. Now to find ^ D it will be R : fed. 
lat :: M k : ^D^ the operation is 

Radius lo 

SciSt. 4S 3S ' 10.17988 
Sine .22 18' 9-579'6 




:^D 



9.75904 PI V. Fig. I. 

Co- 



f 
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Co-fine ah. 41 d. 22 ni. 

Radius 

JE h verfed fine azimuth 



10. 
19-75904 

9.88369 



Here are two proportions, but as in tlie firfl the 
logarithm of che radius is fiibtrafted from the fum 
cf the Jogarichms, of the.feiSt. of ihc Uc and of the 
fine of the declin, the remainder gives the loga- 
rithm of M D, now in the fecond, the logarithm of 
the radius is again added to tliat of j^ D ; fo the 
radius may be taken away in both, and then the o- 
peration may be done by one proportion as before. 

Again, if we draw a meridian through D, it will 
cut the equinodiial in j 5 fo fhall C 5 be the fine of 
the hour from fix, and M q the verfed fine, which 
maybe found withouc drawing the meridian after 
the fame manner the azimuth was found i thus, 
ift. Draw a radius C R to meet the parallel of de- 
clination in the circumference j 2dly, Draw D p, 
parallel to P S, to interfea C R in^ i fo ihail Cp 
be equal to C 5 and R^ equal to 7E q the verfed. of 
the hour, (fee the demovfiration for the aximttth.) 
Now R f is the fine of the meridian altitude, a e 
the fine of the prefcnt altitude, and R a their dif- 
feretice. So, R : Seft, lat : : R d : R D=R a x Seft 
iat-~R and co-fine declin : R : : R D ; verfed fine 
hour, and omitting the radius in both, we have, 
as CO- fine declination, is to fecant latitude, fo is R ^,, 
to the verfed fine of the hour, as before. 

In the ad Example, ^ is the funTs place in the 
heavens at the time of obfervation i B ^ is the ver- 
fed fine of the azimuth to the radius « B and Tr 
the verfed line of the hour to the radius / T i QJJ 
is the complement latitude, OB the altitude, the 

* ' ■ ■ ~ M is the N. 



jrch Q^O B is iheir Ami, of which B 



fine 
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iinci J M the N. fine of the declinataon and By 
their difference. So, in the triangle" B ^ _y, K: Sedt 
lat; : By: B^ j and as co-fine alcicu.le is to ratlius. 
To is B ^ to the verfcd fine of the azimuth, and o- 
mkting die radius, in both, we have tliE general pro* 
portion* as bctore. 

Again, QJ^ is the compienisnt iacicude, Q^T 
rile declination, and T O their difference, to which 
adding 6 B the altitude, we have the arch T O B» 
of which T B is the right fine. I n the triangle T B^^, 
R : Sed lat : : T B ; T^, th^ vcrfed fine of the hour» 
to the radius T/; and co-fine declination : R ; : T^' ; 
verfed finiz hour, and omitting tht radius we have 
the general proportion. 

In the 3d Example, H .^ is the complement la-" 
tltude, H A the altituds, and the arch A JE their 
dificrcnce, of which A / is the right fine, from which 
ful'itra6ting the fine of the dechnadon we have A x, 
io A m may be found as before -, in like manner in 
the triangle U r ,*», U 1 , is the difference betwixt the 
fine of the meridian, and the fine of the prefent 
alutude, and U m the vcrfed fine of the hour. 

Tho' we may find the aziinudi and hour by die 
preceding problems, yet as the common books of 
navigadon have neither the natural or verfed fines, 
it ^11 be neceffary to Anew how they may be ob- 
tiincd by the common tables j and as the rules art 
("ounded on the fteri^pgraphick projeftion of the 
fphere, we fiiall refer for the demonftrsdons to tlie 
authors who have treated of fphericks ; but here it 
will be proper to remark, that the quadr.int gives 
only the apparent aldtude ; we miift therefore find 
the true by the following method. 

1. Add. 16 mill, for the fun's feinidjatcr, to tha 
on the quadrant, if you obfervc by the lower edge i 
but if by ^he upper, fubflraft i6 inin, 

2. Sub- 
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a. Subtraft rfee refraftion, and the allowance for 
the height <rf the eye above the horizon from the 
above fuiti or remainder, I^ote., if we ufe a back 
obfervatipn, the allowance for the height of the eye 
muft be added. 

Another tiling to be obferved is, that the decli- 
nation in the tables is calculated for mid-day, and, 
therefore, a proportional part (of the difference be- 
twixt that, and the declination the preceding day, 
muft be added or fubtrafted to that in the tables. 
The latitude muft likewife be had at the time of 
obfervation, by working for the latitude made by 
atcount fince laft obfervation. We Ihall illuftratc 
this by the following example: 

June 3, 1759. Latitude obfcrved 49deg. 2 min. 
apparent altitude 14 deg. 53 min. Required the 
true ? 

{lower edge 14° c,^' 

add femidiameter o 16 
center 15 09 

Height of eye for 25 feet o 6' 7 Subtraft 9 

o 3 i 



Hcfradion 

True altitude of the fun*s center 15" 

The declination the fecofid day is 2 2 deg. 12 m. 
and the third 22 deg. 20 min. die difference is 8 ; 
one quarter of which, 2, being fubtraded from 
70, becaufe it wants only fix hours of noon, makes 
the declination at the time of obfervation 22 deg. 
18 min. Again, the Ihip is fuppofed to have made 
24 miles foudiing fince lail obfervation, which makes 
the prcfcnt latitude 48 deg. 38. min. 

Having thus found the true altitude, latitude, 
and declination, the azimuth and hour may be 
found by the following rule : . * 

i; Add the comp. of the laotude, comp. of the 
jaldtude, and comp. of the declination jnto one fum. 

- 2. From 



whereby the whole of navigation may be performed 
by right angled triangles alone, as was at firft pro- 
poft-ii and in calcuJariom for the hour it would be 
proper to work both ways, becaufe this is of great 
importance in determining the longitude. 

There are allronomical tables, calculated to great 
accuracy, which give the exaift tiinc when the e- 
clipfcs of Jupiter's fateilites fhall happen at all the 
royal obfervatorrts in Eiirope. Now* as thefe e- 
ciipfes arc feen» in dlferent places, at the fame itv- 
ftane of time, we need enly find the exaft time in 
rhole places, at the infhuic the tranfits are feen, by 
the preceding problem ; for then the difference of 
time, in hours, minutes, and feconds, being mul- 
tiplieti by i5i would be the difference of longitude^ 
in degrees, &c. betwixt the place of ofafervationj 
and the obfervatory, from which the longitude is 
accounted ; and it is, by this means, the longitude 
ot'any pb.ce is determined on land ; but as the fa- 
telUtes cannot be ften by the naked eye, the inftant 
of the tranfits at fea cannac be obtained, to that 
nicety, rcquifice for determining the ion^tude, \in- 
lefs forae expedient be found to prevent tiie Ihip's 
motion from afFeding the obferver. 

How far Mr Irwht's JMarine Chair may aniwer 
this end, our readers may judge by what he has 
publifted on that fubjcft. It is certain he made an 
experiment of it on board liis Myefty's fhip Afijg-- 
nmsmcy which give great hopes of feting thai im- 
portant point determined. 

S E C T. I\'. 4 

Defcription and Ufe cf DavisV md Hadley'i 
L ^ladranti. 

Davi}*^ quadrant confrfts of two arciies, framed 
and faltcn<;d as in f ^. i . Plate VI - Both the arches 

are 
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are drawn from the fame center; thatof thelhorteft 
radius contains 60, and that of the longeft 30 deg. 
In order to graduate the arches, from the center H, 
and with the radius H G, taken from any line of 
chords, defcribe a quarter of a circle 5 I'o the angle 
MHG will be 90 degrees, whiqh may be tranf- 
ferred from the dotted arch to thofe on the inftru- 
ment ; the divifions of the 30 arch beginning in the 
line H G, and the divifions of the 60 arch in the 
line H M ; fo ihall the two arches make go deg. 

It has three vanes, viz. the horizon vane, fixed 
at H; the fight vane, to move on the 30 arch-, 
and the fhade vane, to move on the 60 arch ; as 
the circumftances require. The inftrument Ihould 
be in fuch a pofition, at the time of obfervation, 
that the line K H paffing from the eye to the flit in 
the horizon vane, m&y be parallel to the horizon, 
when the fhadow of the fun by the Ihade vane coin- 
cides with the upper part of the flit ; for then 
tx>unting the degrees on both arches, their fum will 
be the fun's zenith diftance. 

Demonjiration. Let the line W X be parallel to 
the horizon-, the angles ZHM ^nd MHS, both 
together, will be the fun'e zenith diftance •, but 
MHZ is equal to K H G ; for if eitlier ofthefc 
two angles be added to the angle MH K, their fum 
will be 90 degrees ; therefore the fum of the de- 
grees on both the arches will be the fun's zcnidi 
diftance. 

Hadley's quadrant is the beft inftrument for taking 
alritudes at fea, for the defcription of which we re- 
fer to a pamphlet, publiflied by Mr PVatkins-, opti- 
cian, at Charing-Crofsy which explains the ufe and 
theory of that noble inftrument in a plain familiar 
manner, intelligible to any ordinary capacity : buc 
as the degrees on the arch are only divided Into 
three equal Mits, which are 20 minutes each, it "N^iU 

T be 
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be neceflEry to (hew how the altitude may be taker* 
to minutes, and what to allow for the height of the 
eye above the vifible hnrizon. Pi. VI. Fig. 3. 

Let AB be a part of the arch of Hadi^y?, quadrant 
divided into whole degrees, and thefe fubdiridcd into 
three equal parts, which will be 20 inln, each. Let 
C D, the chamfered edge of the index, contain 3 deg. 
which will therefore be 9 divifions of the arch on the 
quidrant, that is, 180 min. Now if this fpace on tlte 
index be divided into ten equal parts, they will be 
iS min. each -, and whereas thofe on the arch are 20 
minutes, it is plain, when the Hne in the middle of 
the index unites exactly with anyone of the divifions 
on the arch, foas to form a ftrait line, :t then points 
out either whole degrees, or Aibdivifjons, which will 
be either ao or 40 minutes more, to be added to 
the degrees ■, in that pofition the other divifions of 
the index will fall fhort of thofe upon the arch ; that 
marked i will be two minutes fliort of the firft divi- 
lion on the arch, next to that which coincides with 
the line in the middle of the index ; the divjfioa 
marked 4 on the index, four minutes ihorc of the 
fccond on the arch, &c. fo that if the index be 
moved till 2, 4, 6, 8, or 10 coincide with' any of 
the divifions of the arch, then 2, 4, 6, 8, or 10 min. 
muft be added to thofe that would have been ex- . 
prefled by the index, had, the line in the middle of 
it, coincided with any of the divifions of the arch ; 
and for the fame reafon, when i^, 14, &c. coincide 
with any of the divifions of the arch, there muft bej 
12, 14, &c. minutes added. Hence, as it ftantjs 
in the figure, the index exprefs 3 degrees and jo 
minutes. 

Now, if inflead of 9 divifions of the arch of th« 
quadrant, we take ig, aqd divide chat fpace on the 
ifidex into 20 equal parts, they will be 19 minutes 
pach i by which means the altitudes may be taken 
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to one minute •■, and as to the feconds (on the land 
quadrants) there is a brafs nut fitttd to flide along 
the arch, which may be fattened where moft con- 
venient; chcTf is3itbalmaliplatc,likethedial-p!ateof 
a watch, fix^d to the nut ; through the center of this 
pkte gots a Tcrcw, with a fmall index, which moves 
round ihc pUte, while the index of the quadrant is 
moved one minute by turning the fcrew; and the 
dial-plate being divided into So equal parts. Its in-" 
dex will point the feconds, and the divifions, on 
the index of the quadrant, the minutes. Plate VI. 

The vifible and ntional horizon, being always 
parallel to one another, and the eye of the obferver 
above the vihble, as the quadrant ftands in the H- 
gure, the fight-vane mufl beinovedup to A, before 
the horizon can be fecn, fo the zenith dilfance by 
the quadrant will exceed the true by the angle 
AHK. 

In order to find this angle, let w s be a part of 
the circumference of the terraqueous globe -, R the 
center ; this, in the plate, is in the line Y Z. Now, 
fuppoCng the eye at H, ^o feet above the furface 
of the iba, the horizon will then be fcen at m ; 
H T wiM be a tangent to the fdrface of the globe 
in the point T, and the angle M H T equal to the 
angle H R T. In the right angled triangle H R T 
is given K T, the femi-diameter of the earth, which 
fuppofe 21123276 feet, and RH will be 40 feet 
more, that is, 21123316; therefore making T R 
radins, H R will become the fccant of the angle at 
R, and the proportion will be RT: RH :: R : 
fecant of the angle. 



RT 



O 
21 12 
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3276 



7.324728 



RH 21123316 i7.32472g 
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Now bccaiifc the angle at T is go degrees, the 
angles T H R and T R H both together make 90 
degrees ; but the angles T H R and T H M both 
together make go dcg. riierefore die angle T R H 
is equal to the angle (T H M) A H K. By this 
operation, the fim'fi zsmth dtftancc, as the quadrant 
gives it, exceeds the true 7 minutes, which muft 
therefore be fubtradcd from it ; or if we take its 
altitude* we muft add 7 minutes to that on the 
quadrant. 

i[ mutt be obr<;rved, this is when we ufe thcbaelc 
obfcrvation; but when we take the altitude by the 
fore obftrviuion, as fuppofing the eye at H, tfat on 
the quadrant will be the arch S^, whereas the true 
is S ^ i their difference is the arch j U ^j 7 minutes, 
as by the foregoing operation j hence, in the fore 
obftrvacion, which is that generally ufed by Had- 
Ity's quadrant, we muft fubtradl the allowance for. 
the height of the eye from, that on tJie quadrant/ 

NotCt The proportion that 40 feet has to the dia- 
nietLrofthe earth, is fo fniall, that it cannot be re- 
prefcnted in the plate, th;; dcfign of the figure be- 
ing only/o demoaftraie die realbn of the operation ;■ 
and an error in any of the figurss which we have 
taken for ths f^mi-di::me;t:r of the earth, will not 
alter tJie aiiylc half a minute ; fo the tables of the 
dip of cnc Jiorizon may be allowed fufliciently ac- 
curate fur the mariner, as to what concerns tbf. 
latitude. 
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